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Foreword 

This symposium will be the fourth in a series initiated in 
Halifax (Canada, August 1979), continued in Nottingham 
(Great Britain, July 1982) and Brisbane (Australia, 
December 1984). 

This two-volume publication contains 104 papers to be 
presented at the 4th International Symposium on World 
Trends in Science and Technology Education, organized by 
the Institute for Science Education (IPN), Kiel, Federal 
Republic of Germany, in cooperation with the International 
Organization for Science and Technology Education (lOSTE) 
and the PSda^ogische Hochschule Kiel. 

As proposed by IPN and agreed on by ths lOSTE commitee and 
the General Assembly at the Brisbane symposium the theme of 
the 4th symposium will be : 

Science and technology education and the quality of life. 

Science and technology education will be related to the 
quality of life with respect to 

(1) the impact on everyday life situations 

(2) desicions a responsible citizen has to make rhen dealing 
with (controversial) societal issues 

(3) the impact on future careers, and the potential impact on 
the (future) products of scientific and technological re- 
search on careers. 

Three working groups will deal with these areas from the point 
of view of 

(1) science education 

(2) technology education 

(3) science, technology and society (STS) . 

According to this structure all the papers were categorized 
and each was assigned to 

(1) one of the groups 

(2) the content area 1-3. 

Obviously, this large number of papers cannot be read at the 
symposium. As pointed out in the invitation the presentation 
of the papers will be through discussion in the working groups. 

Volume 1 contains the papers relevant to the theme of Science 
Education, volume 2 those relating to Technology Education and 
Science-Technology-Society (STS) . 
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SCIENCE EDUCATION AT THE CLASSROOM 
THE CHALLENGE OF OUR TIME 



Prof. Sam Tunde fiajah 
(Institute of Education,University of Ibadan, Ibadan, Nigeria) 



ABSTRACT 



Curriculum developers and researchers in some develop- 
ing countries have come to accept the three types of cur- 
riculum which constitute the framework of a system in our 
eduction: 

A* The Intended Curriculum 

B. The Implemented Curriculum 

C. The Achieved Curriculum 



There is always the need for these aspects of the curricu- 
lum system to have a nice fit so that what is intended is 
also achieved* In practical terms however, there has 
always been disparity between one part of the system and 
the other* 

Science educators in classrooms generally attempt to 
translate what is intended into what is achieved* In 
Nigeria, government policies have identified the strands 
in the intended curriculum for science education* How 
well all the three parts of the curriculum system in 
Nigeria fit and how classroom science teachers have been 
able to cope with the challenges of a mis-fit constitute 
the focus of this paper* 



Introduction 

Nigeria, like many of the other developing countries 
has placed a very high premium on the teaching and learn- 
ing of science and technology (Fafunwai 1967, Awokoya 197% 
Bajah 1977)* Science education or more specifically, edu- 
cation through science has received special attention from 
the Federal Government of Nigeria* That science is impor- 
tant and desirable is no longer the issue - what is per- 
haps still debated is what science has done or can do for 
mankind* To some, science is a necessary evil while to 
others it is 'where the action is'* 

Advancement in modern technology has been used as 
evidence for the need to support science, but when a 
scientific disaster occurs or when science is misused, 
then the accusing finger is pointed at science* But as 
science educators, it is our task to present science to 
our students as an activity fit for any normal human bein^ 
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Revolution in Science Education in Nigeria 

Although the teaching of science as a school subject 
was first introduced into out secondary school system in 
1859 (Onolewa, 1977), today science, rather than •Nature 
Study' is being taught in most of our primary schools. 
The promulgation of a 'National Policy on Education' (1977, 
Revised in 1981), clearly endorsed the introduction of 
science in all primary schools: 

•Government prescribes the following curricular 
activities for the primary school: the inculca- 
tion of literacy and numeracy, the study of 
science* •••• 

Government will also make available materials 
and manpower for the teaching of science". 

In an attempt to operationalize the decision to introduce 
science in all primary schools, the Federal Ministry of 
Education assembled a team of experts drawn from the pool 
of Nigerian science educators to formulate a guide sylla- 
bus stylled 'CORE CURRICULUM FOR SCIENCE' not only at the 
primary level but also at the two tier secondary school 
system • After a lot of brainstorming, several documents 
have emerged with the stamp of the Federal Ministry of 
Education: 

. 1. CORE CURRICULUM FOR PRIMARY SCimCE 

2. CORE CURRICULUM FOR JUNIOR SECONDARY 

SCHOOL - INTEGRATED SCIENCE 

3. CORE CURRICULUM FOR SENIOR SECONDARY 

SCHOOL - BIOLOGY, CHEMISTRY, 
PHYSICS, AGRICULTURAL SCIENCE* 

A Move To;^ards a Centralised Curriculum 

These documents under the general title 'CORE CURRI- 
CULUM' have recommended innovative approaches to the teac- 
hing of science. But more than recommending a practical/ 
experimental approach to the teaching of science, the stra- 
tegy adopted has led to the formulation of a centralised 
curriculum for science throughout Nigeria. The Joint Con- 
sultative Committee (JCC) , the highest policy formulation 
body of the Federal Ministry of Education has a composi- 
tion which covers all the nineteen state Ministries of Edu- 
cation, the Colleges of Education and Institutes of Educa- 
tion in Nigerian Universities, curriculum development cen- 
tres and the professional science teachers associations. 
This Joint Consultative Committee with such wide represen- 
tation has provided the centralized guide books which are 
used in most schools in Nigeria. 



ERIC 



19 



An outcome o£ this centralised curriculum in science 
is the fact that science textbooks now being developed by 
science educators in Nigeria respond to a long felt need 
of indigenous textbook writing. And although many of these 
science textbooks are still witien in English (which is as 
of now the official language) , there is a subtle move to 
write science textbooks especially at the primary school 
level in vernacular* 

Pour popular primary science textbooks (two in English 
and two in vernacular) in use in Nigeria are listed in Table 
1. 

Table 1 



Book 



Language 


Author/s 


Publishers 


Year 


Ehglish 


Tunde Bajah 
and Anthony 
Youdecwei 


Heinemann educa- 
tional Books 
(Nig) Ud 


1982 


Diglish 


AsunfPjBajah 
S; I«u,F; 
OguntonadefC; 
ft YoudeoweifA 


Irsncpan (Nig) 
Ud 


1984 


Yoruba 


E.M* Aina 


Heinenann Educa- 
tional Books 
(Nig) Ltd 


1979 


Yoruba 


E&fUTNa^ 

Babs A et al* 


Evans 


1979 



Prijoary Science 
for Nigerian 
Sdcols (PSN5) 

Longnan Pri- 
mary Science 



3* Iwe Eko Jxto 
Ijinlc-Aye 
(Sayensi) fun 
AMon Qno 
Alakobere 
(Elenentary 
Science) 

4* Sayensi 



The Implemented Curxiculum - Profiles of Classroan 
Transactions 

A critical look at the documents •CORE CURRICULUM' 
developed for science in Nigeria sclxols leaves no one in 
doubt about the quality of the work. In several of the 
evaluation studies (Onocha, 1984; Jonathan, 1986) under- 
taken by my graduate students, the national core curricu- 
lum in science have been highly rated. That is another 
way of saying that the • Intended Curriculum* has been 
well conceived. 

However when it comes to. implementation, studies have 
shown some measure of departure from what was intended in 
the core curriculum. Figures 1 (a) ft (b) show how class- 
room transactions depart from the intended. Using stan- 
dardised classroom observation instruments, the rigures 
were obtained: 
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aJcoI a • C 0 e 

Irontoction— ^ 1r3ntuc>cn » 



rifto. Idcot Prtdilc Fif. lb. Observed Icoctnng vrolilc 

Legend: A » Individual or Group Activity 
B » Whole Class Discussion 
C e Transition (Handing out of materials or 
rearrangement of class) 

D B Lecturing 

E « Other (Note copyAng from chalk board) 



The Dilemma of Science Teachers 

In our attempt to explain the achieved curriculum by 
interpreting science scores at the primary and secondary 
school levels, several problems of implementation of the 
science programmes evolved.. Classified into three broad 
divisions, the following proi>lems of science teaching in 
Nigeria could be identified: 

A. The Teacher Factor - many of the primary school teac- 
^ers are being asked to teach the kind of science 
which they had not been exposed to* As a result, 
both the context and methodology of the proposed 
science created a good deal of problems to a majo- 
rity of the teachers. 

The Pupil Factor - instead of learning science through 
experimentation, the pupils were being made to learn 
science by rote learning As a result, many of the 
pupils do lose interest od perceive science as a 
subject for only the 'above average • pupil. They-per- 
ception of science more as content to be learnt rather 
than as a process to be adopted in the understanding 
of the physical world has militated against many of 
the pupils who are exposed to science in Nigeria. 

The Classroom Environment Factor - effective science 
teaching has been known to take place in a stimulating 
environment - adequately equipped science laboratories. 
Because of lack of adequate funds and inexperience of 
many of the science teachers in improvisation techni- 
ques, the classroom environment for studying science 
in many of the schools has been described as 
inadequate (Bajah and Okebukola, 1984). 
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Science and TechnologY i:ducation and the Quality of Life 

The newXy Introduced core currlculuw documents at 
various levels along with the new seience booHs specify 
among other things the lntrodv:;tlon of applied aspects of 
science to classroom work. As It If assumed that many o5 
the pupils at the Junior Secondary School \0$S) level may 
leave school without any additional formal .X^arnlng of 
science, there Is need to equip them with scisnce for 
effective citizenship. Two aspects of applied Jcienre are 
therefore Introduced Into the core curriculum documents 

a) Appropriate technology In the rural area«, and 

b) Environmental science and health. 

a) Appropriate Technology In the Rural Areas 

For a long time now, there has been the debate on 
whether technology from the developed countries could be 
transferred to the less developed countries. Transfer of 
technology as envisaged by so. : people Implies transfer of 
light and heavy machines to the rural atsasi, especially In 
the area of agriculture. This notlo^i o^ transfer of tech- 
nology has not yielded the desired results for two reasons: 

1) the farmers In the rural ar*£as are not 
literate and educationally prepared to 
use &nd understand the versatility of 
the equipment; 

11; servicing of machines and replacement 

of parts are still dependent on expertise 
from the developed countries. 

The result of this approach to transfer of technology Is 
that many of the farmlands are littered with brokan-down 
and unserviceable machinery. As a result, there Is no;? 
a sh^ft In government approach from transfer of technology 
to appropriate technology . 

The proponents of appropriate technology argue th'4t 
what Is needed In the country Is a proper appraisal of the 
technological needs of the rural dwellers which can lead 
to the climate and needs of the rural farmers. The result 
Is that now emphasis Is placed on transfer of educational 
technology which can then help to produce 'in situ* if 
possible, the appropriate implements needed in the rural 
areas . 

This second notion of applied technology has led to a 
revision of school curriculum to include basic aspects of 
introductory technology. In our Junior Secondary Schools, 
a new subject with the title of Introductory Technology has 
been introduced. The impact of such an inclusion is yet to 
be felt as products from that system are still very few. 
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In addition, government has evolved a policy whereby 
Nigerians are sent abroad to the developed countries to 
J^lVi'!*. knowledge and .kill which will hope- 

fully then equip then, as middle-level technologis ts. 

f^a?S!i?iSr*!l^'$,*''!" ^ P^'"** °" "P"^*^ and^aintenance 
engineering to off»et our consumption pattern as of now. 

Environmental Kni»„ re and Health 

helow^io^Jii?!''^'"^ "l'^''!? originally was estimated at 

^„ ^K^foS^f" the l»8t decade has risen appreciably 
v??liSes tn'mSlf; °^ ^" """y towns and 

•yn»nl?L^,*^^!'^" iwP'^oved tremendously. The 

expansion of urban towns into the vicinity of the rural 
areas has influenced the quality of life in those IrlZZ 

of%^i2?"!c?tV'"^'"n= gover^Sen? !!rrhe"s"up|iy 

Of electricity and pipe-borne water have helped in no 

Irlil ^""^"y °^ l^the r«al 

frnf ;..r^Mi*'''^?''}" emphasis in the health sector 
from curative medicine to preventive medicine , many of the 
rural dwellers have improved their enjoyment of life as it 
is generally believed that health is ^alth . And to have 
lull Denefit of these government efforts, education is now 
focussed in understanding both the need ind scope Sf faci- 
lities provided by government in the areas of health care 
d!in"^'."":S?' 'r"^ electricity supply. TodSy rural 
torJze^n. "J informed throught their transis- 

^1\a """i-i^f^ios alJOut events all over the developed 
^ll^: ^•'S" through education, a better under- 

of prevalent superstitions which in the past 
ol E^tfn^o" learning and application 

fren«=2nf:^ V"^"^ ""^ * transformation from the past 

(represented by poverty and noor h»alth} tc *•»•- - o-t 

and possibly the future. Science education arthe'class- 
ffSUK**** l?**^ presented challenges to both learners and 
ol f^lf li^S" *° f"^" standard and quality 

rf^-ii. V 2 environment among dwellers not only in big 
litiln • ^"'3* °^ the ruril popu- 
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RecoBunendatlons 



Identification of problems of teaching science in 
Nigerian schools has been adequately researched. Out of 
the «any studies (Bajah 1982j Yoloye 1982j Orisaseyi 1977j 
Onocha, 1984j Jonathan, 1986, Chldolue, 198S) recciWDcnda- 
tions have bieen made: 

(i) Adoption of a less-ambitious Intended Curriculum 

(ii) More time to be allocated to science in school 
time-tables* 

(iii) Adequate funding to the school system tor pur- 
chase of science equipment* 

<iv) Intensive drive for teacher education at sii 
levels (pre-sbrvice and inservice) for 
effective science teaching* 

<v) Re-orientation of pupils* perception of science* 

(vi) Production of more science textbooks written with 
the learners environment in view* 

(vii) Application of science to the understanding of 

the prevalent superstitions which plague learners 
of science in Africa* 

In our research studies, we have endorsed all of the 
above recommendations, and now plead with curriculum deve- 
lopers to take into consideration, not only the theoretical 
and well-researched ideas about science and science learn- 
ing but also to continually bring into focus » at the deve- 
lopment stage, the harsh realities of the ^ocio-economic 
and political environment of the learner of science in 
^;i9cri^ today* An^ng the findings of one of my graduate 
student (obioha, 1982) who worked on ^Cognitive Readiness 
for Science Among Nigeria Primary School Children* wast 

"The primary school science curriculum assumes 
much that is not empirically based* One of 
such assumptions is that Nigerian children 
are capable of learning all that we have 
prescribed in the syllabus*** 

With the co-operation of all who share the view that 
science can be harnessed for developnent and peace, the 
outcome of science curriculum will produce a nicer fit 
between the Intended Curriculum and the Achieved 
Curriculum* Science at the classroom can po=& the needed 
challenges which would help to improve the application of 
technology and raise the quality of life in our march 
towards technology* 
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Some Vital Information 



(a) <1) Educational Sytem 

Hlgerla has adopted what Is styled the 6-3-3-4 
Educational System: 



Entry Age 
in Years 


Duration 


Focus 


6 


Six years of pri- 
mary education 


Beginning of broad-based 
literacy education 


114 


Three years junior 
secondary cduation 


Pre-Vocatlonal education 
preparatory to stxeonlng 


144 


Three years senior 
secondary education 


AcadeniCj Technical and 
Teacher Training 


17 


Four year degree 
prograjnme 


Bachelors degree in the 
Arts and Sciences 



(ii) Mode of Asiessment 

In the National Policy on Educaiion, Continuous 
Assessment has been endorsed as the mode of assessment at 
ail levels of our educational sy8te>a* However ^Jblic exa- 
minations organised by the various Ministries of Education 
and the West African Examinations Council ar« taken at 
certain levels. 

For University admission^ there is a centralised board, 
the Joint Admissions and Matriculation Board (JAMB) which 
organises a selection examination* 

(b) This paper fits into Science Education Curriculum 
Development with focus at the primary and secondary 
levels* 

(c) Professor Saau*l iv'ne Bajah is a Professor of 
Science EduC::tlvya at the University of Ibadan. He is the 
Director of the International Centre for Educational Eva- 
luation (ICEE) • Professor Bajah holds a Bachelor*n 
degree (Hons) in Chemistry, of the University of London; 
a Diploma in Education from the University of Oxford and 
a Masters and Doctorate degrees in science education from 
the University of South Dakota. Author of numerous pubH- 
cations on science education including school textboohs 

on Primary Science and Chemistry* 
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THE IMPACT OF PROCESS APPROACH SCIENCE ON TECHNOLOGY AT 
BLENENTARY SCHOOL LEVEL IN A DEVEJ.'^PING COUNTRY 
Dr. Pamela Fraser->Jbder (Faculty of Education, The University of 

the West Indies, St. Au^tine, Republic 

of Trinidad and Tobago) 



this paper is based on research in eleioentary science curriculum 
developamt using a process approach end its erfect on students' ability 
to ust skills acquired in the classroom in the design of models which 
have utiUtarian value in relation to the use of technology, consumer 
products, health, food and the environment. 

Ihe paper covers the following componentss«* 

a. The research and curriculum development conducted with teachers 
and students. 

b. Otio process and product involved in producing teaching materials. 

c. ohe teaching methods utilized in teacher training. 

d. An overview of science education in Trinidad and Ttobago, the aims 
of the syllabus and factors involved in classroom implementation. 

«. Strategies used in teacher education t/hich involved the development 
of a model for curriculum develojnnent, implementation and evalua- 



f. An evaluation of the effects of curriculum utilization which in- 
cluded attitudinal change and the application of skills acquired 
in elementary science education in technological utilization. 

The elementary teacher population cor?>rises 7,346 teachers, a large per- 
centage of whom have had no science training in the course of their 
education. ' 

Science as a part of basic education is a recent development in the 
education system in the nation of Trinidad and Tobago. The status of 
science has been changed from being an "exclusive" subject for selected 
students, to that of "compulsory* subject for all students. 

Traditionally teachers have been presented with science curriculum mat- 
erial and have been ci(pected to teach science. However, this has resul- 
ted in disillusionment with the scope and quality of curriculum inple- 
mentation and developers are beginning to realize the role teachers can 
play in the process of curriculum development. Teachers are better 
aware of the classroom situation and if they play an active role in 
producing classroom material they are more prone to implement the use 
of this material. In Tilnidad and Tobago during elementary science 
curriculum development, teachers acted as developers from the Initiation 
of the project. 



tion. 
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In the developcaent of the syllabus CTable 1) and cxirriculum four (4) 
Mjor factors had to be considered. 

!• Orientation toward examinations. 

2. Scisnce background and professional tr«dning of the teachers. 

3. Facilities available at elementa ry level. 

4. Cognitive- developmental level of school population* 

tltvL &ims of the elenentary science oirriculum ~ Science s A Process 
Approach for Trinidad and Tobago (SAFATT) are: 

1. To develop skills in the careful and systematic use of the scient- 
ific processes in the elementary school as a necessary preliminary 
to undertaking more complex science learning in the secondary 
school. 

2. To facilitate the development of the scientific processes which 
underlie the discovery and continuing development of scientific 
knowledge and to help the child to adapt to life in a world where 
new scientific and technological development and changes occur 
daily with tremendous effects on his/her life. 

3. To help children discover, organize and use scientific information 
to improve living.. 

The cxunriculum model used for the development of the K*6 science curr- 
iculum is shown in Table 2. Ihe curriculum aims at providing students 
with relevant, effective and hands-on learning e3q>eriences using the 
processes of science; at developing critical thinking and a positive 
attitude to science and at preparing students for jnore cooplex science 
learning in the secondary school. Teachers guides have been prepared 
by curriculum developers from the Facility of Education and the Ministry 
of Education in conjunction with teachers at curriculum development work- 
shops. These guides contain background information for the teachers, 
K>ehavioural objectives, activities, :aaterial lists and competency mea- 
sure tasks for students and encourage teachers to integrate the teaching 
of science %dth nAthematics, social studies and other subjects, and to 
use inexpensive local materials. In all, seven (7) teachers guides, 
seven (7) student workbooks, material lists, a process question book 
and a text for parents and teachers were developed. However, there are 
some problems relating to the is^lementation of this curriculum. Teach- 
ers who participated in workshops to develop the curriculum are doing 
an excellent 30b of teaching it, those who sinsply received teacher 
guides and were told to teach using the guides still exhibit a "fear** 
of science and of teaching science and mjdntain their tendency of teach- 
ing science by didactic methods rather than through enquiry or 'Uscovery 
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Approaches* 



However, one of the interesting phenomena to observe in Trinidad and 
Tobago is the attitudinal effect of the national nandate that science 
h& included in the Coonon Entrance Examinations froa 1982* Instead of 
«n attitude affecting behaviour (i.e. attitude— > behaviour) Bern (1972) 
suggests in his self-perception theory that behaviour affects attitude 
(i.e. behaviour attitude) . So instead of joodifying attitude ejcpect- 
ing an accompanying behavioural change (i.e. attitude toward science 
becones positiv?^ thus the teacher is jnore prone to teach science) , Bea 
suggests the opposite that is, behaviour precedes attitude. This in 
fact has happened - with the Ministry's nandate to teach science, 
researchers are begiiming to see an acoonqpanying change in attitude (i.e. 
a more positive one toward science.) The inclusion of science as part 
of the Comioon Entrance Exaioination (C££) frco 1982 has resulted in store 
teachers teaching the subject in order to prepare students for the 
examination. 



At the eleoientary level, science revolves around exploration, a desire 
to find out more about what already exists. The scientific process is 
one of exploration and hypothesis, the technological process is one of 
design and prcblera- solving. The relationship between these tvo processes 
can be seen in the iinpact of the new eleiaentary science curriculum on 
everyday life situations in the ability of students to design models (for 
exhibit at a recenc national science f&iid vhich have utilitarian value 
in the following areas: 



Area 



Technological Model 



Use of technology 



a. Door alarm system 

b. Burglar alarm system 

c. Traffic lights 

d. Street lights 

e. Solar heaters 

f . Kine na)cing process 

g. Bam nalcing process 

h. Water treatment system 
i* Telephone system 

j. Battery operated lamp 
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Consumer products 



a. Measuring devices for weight 
and quality* 

a* Methods for control of fungal 
growth. 

a* Fish farming, 

b* Plant fanning* 

c* Animal husbandry* 

d, Fish preservation* 

a* Methods for control of detritus* 
b* Pollution prevention* 
c* Manure production* 

the elementary science curriculum revolves around the scientific process 
and atteiopts to expose and prepare the child to design simple Bodels 
which have utilitarian value for society* 



Health 



Food 



Environment 
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Education svstea 

Student, tntar tleiQentary .chool at age 5, at age 11, they write a 

LiL J^Tl^J^"^' ^^^^ '^^^^ • proficiency exami^tio^ f^l- 

To^ f^f^? '^^Jr ?"^*^ ^^'^ "turn to school 

fuL!.f^^. '^•"f:,^' ^' followed by a proficiency exaninationr 
success at whicrx entiUes students to apply for entry to thewi, 

«iis paper fits into the eleoentary school system age group . 5 - 12years 
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IMPACT OF SCIENCE EDUCATION ON EVERYDAY LIFE SITUATION 
Prof. Bankubihari Ganjuly (Indie) 
Life Sltii&tlong in India 

Ax7 discuMion on the impact of Science education on evexyday life 
situation Bost precede a clear underetandins: of the countxyi 
•peciallor idien it is a large and anoient'oxk^as T"^1t , It is a 
country of nearay 750 miUion people, Thfsy live in billy areas, 
pla&eSf deserts and coastal areas* Sixteen Bttjor languages and 
thousands of dialects are spoken* !Qie existence of duality Is the 
aost iflq>ortant feature* Vni-ty and diversilyi advancemest and 
baobrardnesS| richness and p^vertyi scholarship and illitex«cy| 
tradition and fflodemity males a imique chlAera w^-ch has no 
parallc^ !ZSie western science and technology has entered into 
the country hut its growth has remained restricted in a few urban 
ai3as« Kajor part of the country specially the rural areas are 
yet to get its benefit. The unequal disti*ibution of resources 
has led to exploitation and poverty* Kajorily of the popdlation 
have ill-health arid are illiterates and ill-fed* This is a major 
factor for poor production rate* Only significant incre&se is in 
the number and bvexpoiJulation is a major threat to the Katioh* 
Tradition of thousand years have provided people with experience 
and that is how in spite of illiteracy' they are thriving by actsepting 
everything as fate or destiiy* All wonders of the world are in 
India and at the same time all probXems are also present* These 
problems are do glaring that success in the areas of Scieixse and 
Technology looks extremely pal^* 

Science and Technology in India 

The contriTxition of ancient India in the fields of science is well- 
known* In the field of modem sciencsi masy T^<g"« have made 
significant contriUitions* Even before 1947, the citizen of British 
Iildia got Hobel prize and became Fellow of the Koyal Society* ^Tht 
foHy years after 'independence, has seen tremendous progress in 6cience 
and TechnolcQT* He were able to split atom, launch rocket, create 
green and white revolution, eradicate small pox, increase loogevity* 
From aeroplane to a needle, iMia can make everything* There are 



Btarly l50 tbiivftraltlM aod adranoe rMMicb instliuteB for woxkiag 
towards ibe frowth of solonoo asd taobnolofir* 



Ix^ite of ibat^whila approaohlx^ twentjfirst oentuxy, th« oountxy 
f oalk* it dooa aot htcfm ftnoofh aiportiae to solve oertain baslo 
problMM in tha araas of oim aatlonal dsvelopoextt. Moat of, /the 
soiantif io f iadiac* bava baan traiadad — J^epetltlve and aaoond frade* 
OiOor s few p«opIe in a fair instltxttloBB are doifai: sood wodc, they 
ara ^uat like ialands in the ooaan of vedioorltgr* Laok of orMitlve 
ihixStiM^rVToVl^m^cilrixig abUltTj^^ data baae daoialon mtking 
abillt/ sx« prima oiuata of the poor atandard of Tndian Soience 
and Teohnolos^# Cie ttezxtaX mkA up which remained unohani^ed during 
aduoation failed to oope up with the westezu acienoe. Thinlcing az^ 
<{aeationix« ware the two ifisportant tools of leami&g in ancient 
Indisi hat oolonial ^jrstea of education (which continued even after 
indepexidence) disoouraged theae practices* The result is parroting 
of western sciei^e without internalising its liasic process which 
d««ttnd thinlcing and axiguing* 

Soieroe Phieaticn in India 

The (|uality of acienoe of a country reflects the standard of its 
education, Ohe oolonial florstea of education encouraged rote*learaing 
of factai figures sad data« In the naise of Icnowledge eaplosioni 
the stxidents were given only content infonaation and vexy little 
*' effort has been aade towards the leazning of concepts. The objectives 
lilce creation of interest and curiosity, inctacation of enquizW ' ' 
ifinl.i proaotion of problem solving attitude snd decision s«)cing 
poweri devalopaani of courage to (Question, growth of concern for 
other people ani oonaa<;[uencea have remained nnfiil filled. Soience has 
slwiys bean ibou^t as a subject of soientist* Tbuai from Class I 
attempts have been made to atke evexybod^j- either a physicist or 
chemist or biologist* The net result is thitt both ^illiterates and 
literates (inoluding highly edioated soiestists)^reaained without 
scientific attitude and all became infected with the viruses of 
obsourantismt i^*^ truth and lies* 
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the years between 1964 g6 wiU be Xoa^ reaenbered in the hietoiy 
of Ii^**" education* A auaber of indepth stiidieei seetins*f 
conferences and diaoussioos were held and let to the ooalns of 
two xmt docuaents - lational Currioulum rraaework for PriMaiy and 
SeoondaxT Sduoation (1965) «b1 lational Ration Foliqr (l9B6). 
If the earlier education polity (1968) was ai«ad at linking education 
with developaenti the preeent policy of 1^ has stressed on 
e({uality« The actuality is to be achieved bx ffivin^ aore' support 
to those who are nerlected. Froa teacher centred, exaalnation- 
oriented ax^ bookish edttoation esrphasis has been laid on the child 
centred, enviroxaest based and life oriented education* Science 
education is also Peu« shaped acoordia^ly* 

Linking Scicnpe Bbioation to Everyday Life Situation 

ill the laws aM principles of science operate eqfoally in all the 
eavitonmcnt* Science itself being a huoan endeavbur is environmental* 
Science hhs ^rown up because some hujoan bein^ by f cllcwing the 
stepu of a single processi* have solved the ssrs^ies of laks and 
principles of nature* The contribution of scientists have ther^creg 
given us products and at tie save tiae a Procesg . which may be 
employed in s61vii« aiy kind of proULea in eveiyCday life situation* 
Moreoveri understandix^ of the liws and pzinciples of nature equips 
a person to live effectively in hii/her envirooaent* One nay have 
this understandix^ without beix^ a scientist* One say have enough 
kno%iledge| competencies and skills to uLlerstand the nature of 
scientific knowledge , key concepts of science which cut across 
different disciplinee, lijdc of science witk the wbrld of technologyi 
link with the utilisation of resooroes in the envirooaent axid the 
values iriiioh are essential in huaan ifociety*' Noreoveri all' these 
knowledgei competexusies *and skills of science would 'enable all indi- 
viduals to Join effectively in the differexxt areas of national 
developoient* 

In order to ftilfil the above objectives , the National Council of 
Kducatinnal Research and Training 4f India with the help of subject 
expertsi classroom teachers and teacher educators hav di^awn up 
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^la^butM of •oitooe tTca CImms 2 to ZU (3 to i8 4 ) to link 
■oieno* •doBfttlon to wezyday life sltuatloxu broad mreaa az>d 
X&ttsTi ftMTiTi Buun bo4y| Llvii^ World aod Vigrs of Llvii^i World 
of VbriCi f^iyixoMMti Vatonl Resouroesi Food aod Bealtb And the 
Unlv»rt«« Bern 9XU^Ub ar* ffivan in the Al>p«Ddix I« In this 
ohild o«atr«d ourriculutti the topics will be presented scoordii^g: 
to the lesxnli^ ability of the ohild« iooordis^i at the lower 
priaaxy level (3 -f to lO •«■ )| tea^hiss-learnii^ situations will be 
px^sented tbroucb ooaorete ezperieaoe of the ohild« it the Upp^r 
PtiJBazy level (l1 •«■ to 13 •«• ) efforts wUl be aade to oodify the 
earlier observationi/experienoe of the ohild about the various thix^s 
and occurrences w&ich axe goix^ around faeow the Seoondaxy level 
(l4 •«■ fo i6 •«• ), yihtn the students develop some power of abstract 
thinldn^ efforts will be n&de to stress on the development of 
creative tMnVipg| problesKsolving jibilities and data base decision 
Baking* 

Howeveri the success will depend upon the translation of these ideas 
and transmission will lie on the activation of the teachers and the 
entire cocsnunity* The connunity must understand the impact of 
science education on evexyda^ life sitviation and demand for it to 
replace examinaltion centred rote learning* ^ 
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TPrmifr plfM^ of Lialcl^C Sclenpc Eduontlon to Byeiyi«r Life 
Situation froc the ScleODe ayllabas developed alo^g 
the line of Katiorul Policy on Baucation 1986 
for Claaee^ VI to X 



yipe of the Area, 



H«»l Life Si tuation to wfaioh the 
Topicy can be linked j 



1« Soieace in SvexydjQr 
Life 



Z» Measurement 



3« Kature of Matter 



4« Mot ion. Force 
and D^exigy 



ERIC 



Articles of daily use idiioh are the contri- 
bationa of acitnce; Findi2« out of the 
scientific prinoijdas of various daily lifo 
aotiviti«;s ^ilca cookisfi vashii^, pltorias 
•to; Exasplts of the appXioiaticns of science 
in th^' coenuiitar; Uosdvad prohXesM in the 
cooDunily which '^taa^'^ft solutions from 
aoienoe; ProhXena created the sisuae of 
science; Application of the process lof 
science in the daily life; Science a human 
endeavour; Fruits of science are anjpyed 
hy aU* 

Different activities in the ccnownity in- 
volving Beasurenent of l#:^h| area| vcluxoei 
tiioei temperature and oass; Devices and 
units used for different typ«s of aeaaure- 
aent; Estimation* 

Listin^i ^upinf^f classification of various 
objects; Change of state of matter; Listing 
of the different methods of separation of mixed 
substances in the daily life situation; 
Different types of chaises that occur in the 
ifloediate environment; Qroupii^i idtstifioationi 
activities of these changes and recording 
their x«8Ults; Familiarity with different 
s6Xid| li<^d| gaseous substances available 
in the immediate enyironment; Znter-Goaversion 
of three*' states of matter; Examplss of various 
mixtures by ta)cix« different substances; 
Different uses of eleotrioity; Diffarent sources 
of electricity* 1 

Different sovii« bodies in the environment; Some 
objects have more than one type of movement; 
Periodic motion in nature; Concepts of speedy 
magnitude and contra(;tion of force in the 
examples of daily life; Bole of friction in 
daily life; Examples to show relationship 
between force, area and preasurc; Examples to 
show ixksrease and decrease of forcoi air^pre- 
S8ure, atmospheric pressure and weight; Examples 
of displacement, thnists and floating; Examples 
to learn .that motion is relative; Examples of 
displaoement; Examples of velocity, acceleration, 
inertia, resultant iarce, accelerated motion 
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5* V«y8 of Llvisff 



6* Hunan Beings 



7* Ubrld of tfozk 



and r^tlottiMp Utw««n f orc«, mmbu and aooa- 
Itrmtionj Xra^a«s of cravitational and aleotro. 
BH^tio foroaa* 

Liatlfl^CoUactioi/obaarration of th« thapaSf 
•Ixea, oolouxm, haMtata, atruotuwa and node 
of llvins of aoM familiar Uvlz« oxyanl'nw 
and thair claaaif ioation; tctamal and Interoal 
faatoraa of a faw ooaaoa plants 91^ anijBtls; 
Sxai^aa of dlffapwrt iypts of nutrition In 
tba Iflatdiata anvironaant; Xzaaplaa of raapl- 
ration; Xzaaplaa of oontroX and ooonUnatlon; 
Xzaqplaa of ■ovcawrt, iooonotion «al aupport; 
&caqpl«a of rapipduotion; Kcasqplea of ^iwlh 1 
and davalopMttt; Xzaiqaaa of banafioial and 
haiwful aioro oxsaniaMi Oroirth of aioro 
ozvaniaaa An varioua aubatanoea; Tranafer of 
diaeaae produoi:^ aioro oz^iams azki proteotion 
aeainat thaa; 3>lffeptat setboda of prevention 
of haxiaful «ioro ox^yani^j Eraaplea of adaptive 
oharactera of idanxtir^nd anlaala livii^ in 
iratert land and Hyln^ in air; Ibcaaplea of 
homolojua and anolo^ atmjturea; Ebca&plea 
of living ozv«nl8ms froo aiiqple to co«plcx; 
JRtaaplea of evidences of oi^ianio evolution; 
Eiaiqplea of variation, protif io .wultiplication* 
Competition for auivival and aelection; Eranplea 
to ahow the need of li^t, oarbon diojiide and 
oblorophyU for photoiyntheaia; Uaea of olippii^ 
froo newapapar and health aa^axinea etc. to ahow 
different orgvaM/aiyBitms of planta and aniaala 
including aan; lnterreUtioi»hip of life proceaeea. 

Different parta of huaan bo^ and their funotione; 
JUjor huaan activitiea involving the BanipuUtioa 
of environMnt; Exaaplea of different producta 
of aoienoe and technology lAioh are uaed for 
hnaan ooafortaj 3txuotural peculiaritiea of 
huun bet*^; Identification of interaction 
between huaan beii^a and the anvironaent; Varioua 
xieeda of hnaan bel^« 

Enaplaa of aiaple aaohinea in cvezyday life, 
their role, care and aaintenanoe; Vozking of 
Tariooa optical Inatroaenta; Wfferent vorica ahcre 
■•gMta are uaed; Varioua uaea of electricity; 
neotro aegneta and ita ooMon uaea; Uaea of 
aaohinea in different Moxk; Exaaplea of voik done 
at the azpenaea of anetcf and throu^ tranafer 
of enaxvy; Identification of ohangaa in the 
technolofir in the iaaediate enviromnt and ita 
i»pact; Liating of devicea, cadgetai aachinea 
for huaan needa of food, ahelter, ooafort and 
control of diaeaae; Exaaplea ahowing link between 
acicnce, technology and aocietal needa* 
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3£uBples fxoo d^ily 3.ifs in which pl^sicsl and 
K8chanio«l woxictf don*; 2)ifferent sovirces of > 
•nersr in dailor lift situation; JUTftrent 
•xiBples of the ooavtivicin cT wtlX in the co* 
minity; Use of ensrsy from sun| vater and 
air; £zaSBples of heat as a fora of enersr; 
Underataimni^ of different oonoepts related 
to heat like temperature, tteltin^ point, boiliac^ 
point; Chaise of state, ezptxuudon, oontzmction, 
onnduction, oosviotion sad variation; DUttn^rA 
applioations of the thersal properties of di«^ 
fferent sxihstanoes; Li^ht as a fozv odT energy; 
Yarjlous sources of li«ht,; Xtestinction l>«tween 
■ e rm e rte and natural sources; Understandii^ of 
different concepts pertainix^ to Id^ht like 
shadow foraationi eclipses, reflection, refra* 
otion, iae^e formation, luminous objects, 
Kalidoscope and Periscope* 

Sound « a fora of eneiigy; 31iffercnt types of 
sound and. their sources; Different concepts pez^ 
twining to sound; Nasicsl instnu^nts and vi- 
bration of sound; Prolongation of sound from 
the sources and echo; Working of huaan ear and 
telephone; Xoise* 

Franyles of potential kinetic aul transfczttation 
of enex^; ZbcasipleB of enex^gy loss and different 
devices to ainiaize the loss; Different sources 
of electricity; Different effects of electric 
current - production of heat, light, charge and 
magnitlsbi; Utilization of solar enerisyt 
energy and enerey from aovix^ water; Bioaass as 
a source of energy; fioergy from fossil fuels; 
£xaaples of different uses of fuels; Ezasples 
of ooffllAistion; Exanples of energy crisis and di- 
fferent nethods to overoooe crises* 

Demonstration of the need of food; Food intake 
of different oxganisas in the locality; Major 
food groups; Fjxaulation of balanced diet; 
Good health is related to balanced diet; Food 
may be preserved; Factors which affect healthfta 
living; Importance of water as a fooa Item; Dis- 
cussion on dietery rec^^reaents odT ae^ers of the 
family and ooonunity; ^rsptoas of nutritional 
disaases like Kwashioxker Xarasaus, Goitre, 
Rickets Inaeaea, Osteoaalftcia; Vight blindness 
and Soarvy; Factors pausix« nutritional deficiency; 
Calories and result of excess calorie rich food; 
Flurosis; Practices c«ising wastage of food; 
Steps towai^ the increase of food production; 
Steps to be taken towards the qualitative axxi 
quantitative impz^eaent of life; Heed for e^ual 
distribution i6f food; ICnowing abc various types 
of diseases; Effects of drugs anc tobacco; low 
portance of^ personal and ccootonity t^giene* 
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10* Xmriroment 



Dif ferexrt factors of eovirosnent; Air 1b the im« 
portant oomponent of biosphere; Uxiderstandiae^ sl>out 
different concepts like air is evezTwIierei «dr 
oarries water vapour; Air is aeoessazy for com* 
bastion and respiration; Biffenent uses of air 
in oar da^ life activities; Hater is another 
oooq^onent of environment; JIataxml souroesi j^sical 
properties and hardness and softness of water; 
Hater cycle; Siff erezxt uses of water; Causes of 
water pollutinn; Composition of water; Hater is 
an solvent; Mechanism of purifying water; Inter 
dependence of plants end animals and human beings; 
Food chain; Facotrs which distribute the balance 
of nature; Soil and its erosion; Pollution and 
its hazards; Measures to prevent the disturbance 
of the balance of nature; Basio practices of 
gardening and cultivation; Difficulties of f azners 
and gardners; Different types of agricultural 
implement; Use and management of domestic animals; 
Various Icinrift of natural and manmade materials; 
Understanding, of concepts like bicspheroi solar 
enex^i different food cycles; Flow of energy; 
Role of aarboni o^orgen, nitrogen, water cycle 
in nat^ire; Eq^uilibrium between biological and 
Physical world* 



11* Katural Resources 



Knowing different natural resources and their 
uses; Reqfufreoent of resources of man and other 
ozganisms; Oyde of resources; Renewalle and 
nonrenewaile resources; Uses of AcidSf bases and 
salts in industries and daily life; Hole of carbon 
and -its compounds; Sources of minerals; Ores and 
its extraction; Preparation of different metalsi 
corosion of metals; Alloys; Useful and hazoful 
plants and animals; Deforestation and soAl erosion; 
HastefUl practices in usiz^ natural resources; 
Hasteful habits for comfort and waxia; Different 
conservation practices* 



12* The Universe 



Earth as a planet; Place of earth in the solar 
qystem; Exploration the Rocket* 
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The •dttcatlonaX structure in IxtdU. is ^ven in the enclosed 
disffram. Sone details are ^ven 'below: * 

Class Level jjgc 

I - V UnttT PriJBaiar 5 + to 10 + 

^ *-VIII Upper Ptinaiy 11 to 13 -f 

DC - X Secondaiy 14 ♦ to l6 + 

Xl-Xn Sr.Secondazy i6 -f to i8 -f 

Board ezamisation is held at the end of Class X and Class XII| the 

students who pass Class ZU enter into the University* 

I 

b) Where the Paper Pits into the Educational System of India 
For the levels Upper Prixaaiy and Secondaxy (Classes VI to X) 

c) A brief AutobiogrRphical Note 



Obtained Fh*2) from Calcutta University, India* Post 
Doctoral Educational earperience at Yale University 
(USA), Marine Biologicsl' Laboratoxy, Woods Hole 
(USA), Centre for Science Education, Chelsea College, 
tiondon. In the teaching profession from l93l And tau^t 
in In d i a and abroad* Last l& years wozkix^ as Professor 
of Science 'in the Separtnent of Education in Science' and 
Xatheaatics, VationaX Council of Educational Besearch and 
Trainix^, Vew Delhi* Participated and read papers in a 
lax^e number of Siiuiinars and Conferences in India and abroad 
(in Vijsgen - Holland; Izaq; Penang)* ik^ting as Head of 
'the Itepartoent of Educktion in Science and Matheoatics 
from 1984. Special interest - Integrated Science, Environment education, 
out-of school activities and Biology education 
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THE DEVELOPMENT OF SCIENCE AND TECHNOLOGY 
AND THE REFORM OF HIGHER EDUCATION 

Zhu Jizhou and Zhang Shihuang 
(£L*an Jiaotong TJoiversity, China) 

At present, the People's Republic of China is in its new historical 
period of the developfnent of socialist construction, the basic task of 
which is, under the guidance of thp be * policy of invigourating 
economics internally and opcJing to ^he c ''side externally, to do a good 
job of reforming eonomic systems, rraintaining the consecutive stable 
growth of econondcs, and, on the basis of developing production and 
enhancing economic results, continuing to improve the livelihood of the 
people in town and countryside* 

Ihe new period has had higher requirements of educational undertak- 
ings, and especailly of higher-educational undertakings* 

!• Education institutions are required to train on a large scale 
various levels and kinds of qualified personnel for China's sconomic and 
social development in the nineties and even in the beginning of next 
century* To solve the personnel problem, it is necessary to attach atten- 
tion to education* It has been ascertained that education must serve 
socialist construction and socialist construction must be dependent on 
education* So there must be a great development of education undertakings 
on the beis of economic development* It is estimated that within five 
years from 1986 to 1990, operating expenses on education in the state 
financial budget will amount to RM3 116,600,000,000 yuan, a 725^ increase 
over the past five years* 
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2. Higher education institutions are required to actively develop 
scientific research. At present^ a new technical revolution is emerging 
•rotoid the world which takes electronic computers as its center and 
includes the developnent and application of new technologies like inform- 
ation technology, biological engineering, nev materials and energies, 
ocean engineering, space navigation and so on. Vitb the specific features 
of nroltiple disciplines and specialities and with stron^.er faculty, 
institutions of higher education are knowledge-intense places. Since 
these institutions are able to be in direct charge of the projects of 
the state program of science and technology development or conduct 
scientific research in cooperation with plants concerned, they are in a 
t>osition to directly serve national economic construction and the develop- 
ment of science and technology* This means that instruction and research 
of an institution of higher education should be promoted mutually end 
developed in a coordinated way and the institution itself must be made a 
center of both education and research, a seat for training qualified 
personnel and an important base able to carry out research with ixlgh-level 
results* 

3* It is necessary to run education in an open way to suit the 
needs of the open-to-the-outside policy. Institutions of higher edication 
must be open to the society, directly providing the society with varfcous 
serricea, such as technical development, information transfer, consulta- 
tion service, and establishment of the three-inH)ne condslnations of 
education, research and social service as to stimulate the development 
of the people's livelihood. The hlj»h'3r edu'^Ation must also be suited to 
the requirements of opening to the outside economically. As the open-to 
-the-outslde policy has sped up the paces of China's four-modemiaation 
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construction and brought about vitality, higher education roust train 
new-type personnel capable of meeting the needs of the open-to-the- 
outside policy > f&ce the world, strengthen . the ties with other countries 
throughout the world, absorb and learn foreign results and experiences 
and conduct academic exchanges and cooperation in order to realize as 
rapidly as possible the modernization of higher education* 

To suit the demands of the state ecnomic construction and social 
development and cope with the challenge of the newly-emerging world 
technical revolution, China's higher education is carrying out .he 
following reforms. 

1. In recent years, there have been advances with seven-leacue 
strides in China's higher education. At present, the total number of 
various institutf.ons of higher education is over 1,000. In 1985, the 
enrolment of all the institutions of higher education in the country 
amounted to more than 600,000 and the total number of students at the 
institutions reached 1,690,000. Within five years, the students to be 
graduated will cotne to 1,3?3,000. The number of postgraduates increased 
even more rapidly. In 19B5, the enrolment of postgraduates was 44,000, 
which shov^ a developnent speed not only unprecedented in Chinese 
history but also rare in some developed and developing countries where 
the development of education is paid attention to. 

2. To better the structure of China's higher education and suit 
the needs of the development of rnodem science and technology and 
socialist modernization construction, a small number of institutions of 
higher education with suitable foundations and conditions have, through 
teaching reform, developed into new-typo universities with science, 
engineering, arts and managen^ent combined and having specific features 
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of *helr own* Thtiy used to be or wre either conventional schools of 
firts and science or conventional polytechnical institutes. Among these 
new universities, the overlapping and imitual penetration between 
Tarlous disciplines have begun to appear* Fbr instance, subjects of 
humanities and social sciences (such as philosophy, logic, psychology, 
technical writing, ttc.) are offered for science and engineering students 
and subjects of sciences and nanagement (such as mathematics, physics, 
computer languages, etc.) are offered for students of arts* Comprehensive 
intei^disciplinary research is conducted, and comprehensive intei^dis- 
ciplinaiy subjects are offered. As a consequence, the disciplinaiy 
structure of the school is altered and the student knowledge stinicture 
bettered, 

5. The mdjustnent and reform of the establishment of specialities 
is performed to make the spsciality establishment suit the demands of 
technical transformation of national econony. In the early days of the 
fifties, according to the overall distribution and the policy of giving 
preference to the development of heavy industry in national econoiny, a 
speciality system of "heavy-duty structure" was formed in institutions 
of higher education in this country. For many yearSf stress had been 
attached to the establishment of specl^ties of science and engineering, 
neglecting the developnent of specialities of arts, law science, corauerce 
and economics. 7n terms of the statistics of 1979, engineering specialit- 
ies amounted to 48.559^, while tlie percentage of specialities such as arts, 
finance, eonomics, political and law science, etc. was quite small. Among 
the engineering specialties of various kinds, preference was given to 
heavy industries, neglecting the specialities which are closely linked 
with the people •s livelihood such as civil engineering, construction, 
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light industry, textile industry, food-processing industry, etc. Over 
the pist few years, the proportion of the specimlities vhich play kn 
important role in the state construction, forjign trade and people's 
livelihood such as light industry, textile industry, food processing, 
etc* have been increased to sone degree* Tor example, the textile higher 
education under-taking has bad a great derelopnent* A great number of 
textile institutions have increased such specialities as clothing 
designing, clothing engineering, etc*, accelerated the training of 
clothing personnel to meet the requirement that clothing factories should 
mass produce clothing and decorations for the improvement of the people's 
livelihood and develop ipecial clothing for labour protection in produc- 
tion, hygiene, defensr and other purposes* 

^ means of the readjustnjent and reform, the establishment of the 
specialities of institutions of higher education vill be enabled to 
suit the needs of the reform of industrial structure of national econongr. 
With the economic development, industrial structure of China will undergo 
a fundamental change* The whole industrial structure will be developed 
following the trend of being of "light-duty" and "softened"* Departments 
for food processing, light industry, foreign trade, building materials, 
chemical engineering, energy, tourist industry, etc* will become superior 
enterprises in the country vdth the largest value of production* There- 
fore, the readjustment and reform of specialities at institutions of 
higher education must correspond to the future industrial structure* 

4* Old specialities are transformed and new disciplines increased. 
Modem newly-emerging technologies and high technology are characteri- 
stics of their intense knowledge, low energy consumption, high value 
created and remarkable social effect* They ere developing rapidly. 
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finding extensWe application and penetrating into va-lous fields of 
ocience and technology, industrial and agricultural production, man- 
agement and aocial life. For instance, for the last thirty and odd years, 
tleotronic conputera hare undergone a change of four generations, with 
the capacity increased by a million times, the price reduced to one-ten 
thousandth, pf the original one and the basic application areas developed 
to more than 6,000. Microprocessors are erea changing with each passing 
day and the renewal and generation change have taken place for many times 
in a short period of 12 years. The microprocessors have moved from 
laboratories and offices into families of inhabitants. Ihe information 
technique is developing very rapidly. There are new breakthroughs almost 
each year. In the field cf electronics tecJinology, there is an important 
result appearing on average every t.7 days, there are 800-900 patents of 
creations and inventions on average every day. Integrated circuits have 
further developed in the direction of miniaturization. The continuous 
combination of various technoiogies has led to the production of new- 
generation intelligence instruments and meters, intelligence connunica- 
tion transmitters, etc. Energies form the basis of social and economic 
development and the motive force foi* developing production. Among 
numerous .ew energies, nuclear energy is a clean, safe, stable, advanced 
•nd rapidly developing energy. AccordiiTg to aone forecactiing, by I990, 
the installed capacity of nuclear power plants around the world will 
aiwunt to 430 HW, 2.8 times that of 1981 and to 1,000 Htf, 7 times that 
of 1981 , by 2000, when the nuclear power generation in the world will 
be 25^ of the total power pz^duction. 

lb suit the development of new technclcgies, old specialities at 
the institutions of higher education of Chini, have undergone transform- 
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ation and renewal, thereby enabling some old disciplines vith relatively 
good foundations originally to develop and keep pace vith the advance of 
tine. For example, in the specialities of electric category,^ the iTocal 
point has shifted to information electronics. In the apeci-stlitiea of 
pover machinery category, new technologies of energy conservation have 
been taken as nav teaching contents. The shipb-oilding engineering has 
been extended to ocean engineering to meet the requirements of ocean 
development. In some schools, information theory, systems theory, 
cybernetics and new technologies processes, materials and theories have 
been brought into instruction and research step by step as required. 

Tb suit the trend of the overlapfing of arts and science, combina- 
tion of sicence and engineering and coraprehenbive development of modem 
science and technology^ in recent years ,nevly-emerging comprehensive 
disciplines and frontier disciplines have been developed. For instance, 
specialities like envi/onn?nt&l engineering, information engineering, 
biomedical electronic engineering, biophysics, biochemistry and so forth 
have been set up one after another and in some schools corresponding 
research institutes hav«, ^' s;i established. 

5. The knowledge scope of students is broadened and the develojxaent 
of abilities strengthened. 

Tci train the stuosnis suited to the requirements of new time, in 
iho reform of i^inese higher education, attention has been directed to 

leadjastrjent of student knowledge sir^ir^urc, broadenging of student 
luiowl ige scope and strengthening of the f'-trelopment of student abilities, 
•khe :Aea&^es taken are as follows j 

(1) The teaching contentr are CM'sng*.* ^ith the coasidsraticn of 
the state long-term development and dJ-Sciplinarj* develo^Dent trend. Ihe 
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proportion of teaching hours for electiye co\tr5e5 is increased with a 
rise of nort than 20^ of the total teaching hours* The contents of 
electiTes are centered on the broadening of specciality scope and 
reneval of knovledge* Apart from the electives relating the deTelopment 
direction of the tpeciality coocemed* the students are free to take 
intcrdisciplinajy and inter-speciality electires. Fbr example, engii^ 
ering students my take courses of faManitles social sciences and fine 
arts and students of arts nay take the principle and application of 
microprocessors, history of the development of science and technology, 
etc. to facilitate the penetration of arts and science tnd the enhance- 
H>ent of cultural accomplishiocnt. 

(2) Classroom instnction is improved and after-school self-9tU(^ 
intensified* Attention is given to the fostering of Ailities in the 
course of passing on knowledge. In higher education, some teachers have 
been accustomed to the teaching form with instruction as the main point, 
holding that school education is in the main to impart knowledge and 
with knowledge there will be abiHties. As a result, attention is 
attached mainly to the imparting of knowledge while the development of 
the stu'^'nt abilities is neglected, causing the training of some promis- 
ing personnel to be restricted and handicaped Practice tells us that the 
student abilities are of crucial importance to their work in the future* 
A student with stronger AiUUes is able to think independently idien 
awsy fh>m his teacher. A student who studies actively will have Wronger 
adaptability in his position. In recent years, at Chinese institutions 
of higjier education, stress has been giTen popularly to the betteiment 
of classroom instru'^tion and compacting of classroom instruction hours. 
2h the classroom instruction, the focal points are on basic principles 
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and theories enmblliig the students to widen their Hnovledge throng 
seir«-stu4/ and search for answers to the questions, develop abilities 
to ttlf-atu4yf analyse and soIts problems* 

(9) Attention it paid to the combination of theozy with practice, 
practice trairdngs are stjvncthened and the area of practice is expanded 
to create conditions for conrerting knowledce into abilities* In recent 
years, at institutions of hi^er education, extensiTe attention has been 
directed to the construction of laboratories, renewal of obsolete equip* 
nent, and opening of laboratories to the ntudents* Scperinents of con- 
firmation nature are shifted to those of designing nature. IVoduction 
practice for the students is arranged in a good way to enable art 
students to have chances to keep contact vith the society and engineer* 
ing students to have some understanding of production practice* Further- 
more, students also have opportunities to take part in social service, 
after-scbool techni'^al ^.ctivities, work-stu^ and study-support programs, 
etc.All the practice trainings increase the chances for the students to use 
their hands and brain and to be steeled to facilitate the development of 
their creativeness and initiative and the training of mors and qualified 
personnel* 
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SO»fE INNER REUTION OF SCIENCE AND EDUCATION IN THE USSR 



Prof. Victor A. Kuraanyov (USSR) 



The Tcfonn of the general education and vocational school in the USSR, now 
under way in accordance with the decision of the April 1984 of the Supreme 
Soviet of the Soviet Union has been prompted, primarily, by the fact that 
the socio-economic and scientific-technical progress reached by the country 
required a radical is|)rovenent in the quality of the education end upbringing 
of the rising generation. School pupils should more thorou^ly master the 
fundamentals of modem scientific Icnowledge. The document on the reform 
cn5)hasised that for raising the quality of education it was necessary *'to state 
in a most clearcut manner tht basic concepts aiul main ideas of scientific 
disciplines and ensure that they duly reflect new achievements of science 
and practical activit/'r to pay more attention to *'the demonstration of the 
technological s^lication of the laws of physics, chemistry, biology and 
other sciences » thus creating the foundation for the labour education and 
professional orientation of young people". 1 

The adopted measures for a radical inprovement of school education take into 
account as much as possible the results of scientific research in the most 
diverse fields of knowledge, including, apart from pedagogics, psychology, 
sociology, medicine andphsysiology-in short, all fields and trends of social 
and natural and technical sciences. This is only understandable : in our age, 
the role of science in the multifaceted development process of the educational 
system is exceptionally great. A genuinely educated person in our time should 
possess the fundamentals of scientific knowledge, know about the latest results 
of scientific research, be able to think and vfork creatively and apply his 
or her knowledge acquired during the years of education for the benefit of 
society. 

It is generally admitted that scientific achievements have a great inpact, 
as never before, on the development of men's socio-cultural activities and the 
structure of their entire social life. The processes and consequences of the 
scientific and technological revolution are colossal in their scope, but they 
are not single and not always positive as far as their ii^act on people is 
concerned. This is wJiy the future of mankind largely depends on how reasonably 
and from what ethical positions the results of scientific and technical progress 
will be used. It is quite evident that the orientations and trends of hisnan 
activity in these conditions are detennined, to a considerable degree, by the 
nature of education which moulds personality. 

To iuplement the reform of the Soviet school means to solve a number of major 
educational tasks. Among them, a concrete iu^rov ^nt of the formation of lofty 
moral traits of young Soviet citizens, labour education^ as well as legal, 
political, aesthetic and physical education of utb rising generation, and also 
an enhancement of students* social activity. The school reform in the USSR 
envisages certain changes in the structure of education so that m)on reaching 
the age of 17 or 18, young people who have cocpleted secondary schooling and 
received professional training, could start work in the national economy. 



' Pravda , April 14, 1984 
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Children w enter school at the age of $ix (this transition is cradual), 
priaaiy schooling lasts four years and full secondary schooling--11 years,2 
The state Measures to ii^jrove school education are aiMd at overccaina the 
negative phenowna *hich have tf^Ttd over the past few years (the over- 
loadini of mtbooks with coiplicated iMterial, foi»al evaluation of knowledge, 
the laiiLig of teachsrs behind the reaiireiiwits of nodem scientific 4.nd tech- 
nical progress and the achievewnts of pedagogical science ). 

(ta the i*oie, the refom of public education in the Soviet Ihion is a c«|>lex 
!5r lengthy process which dicutes new ^roaches to the problems 

cjthe upbringing of the younger generation. These essence of school education 
v^eaing as it does the results of huun «lnd«s penetration in the secrets 
of natuie and society's developiKnt cannot and should not rewdn unchanged, 
it should be periodically revised and iiBroved. Che of the aspects of the lefon 
is to relieve the curricula and textbooM?fro« too complex and superfluous 
i«terial *rfach of ten/iisre.garded the age of school pupils and overlo«Sed then. 
Qiite a few scientists have analysed textbooks in the course of the preperation 
/ . ^ ^ scientific level of teadiing eadi subject 

(singling out the win concepts and ideas of disciplines). 

The Central CcwBittee of the CPSU and the Council of Ministers have adopted 
• >»«r of concrete decisions following fro* the wain doci«ent on the refora, 
wiich determine the organisttional and ot»^r for«$ of its realisation. They 
noted, for one, that textbooks of recent years used too atny scientific terns 
and their language t$ too heavy; they did not sufficiently elil orate the 
essence of the phenoaena described or concentrated the attention c^f school 
pwpils not only on the results of scientific progress but also on how it was 
achieved. To reveal the students the power of human idnd, the ability of science 
to change the world today and foresee the future is a present, aost crucial. 
This concerns not only the trends of social relations and technology, but 
also the possible consequences of wm's interaction with nature. 

Scientific knowledge is rapidly progressing, and this can be seen if one 
cci^pares textbooks of, say, the 19S0s-1960s with the latest ones. There are 
shortcaaings even in some recent textbooks. For instance, in the chemistry 
course Khool ^ils were fa*ailiariscd only briefly with the 'Tiybridlsation 
of electronic clouds", without going into greater details about them. The 
language of the presentation of the heredity proble.'* in the course of general 
biology leaves cuch to be desired. There were quite a few difficulties in the 
section 'The Philosophical Notions About the World and Us Cognition''. 

Each field of knowledge and science has its own language of concepts, terms and 
definitions used by specialists, but in a general educational course, as 
experience shows, one should use them more cautiously and sparingly, lest a 
definition or a term should push the essence of a phenomenon into the back- 
groimd. In other words, scientific ^roach should not contradict accessibility* 
as the case has been before the reform. 



^ansfer to school education starting with six-year-olds has been preceeded 
by a prolonged ejqjcriaent in which psychologists, physiologists and 
pediatricians participated in dozens of regions of the country. It covered 
more than SO.OOO children. Other countries' experience in this field has also 
been taken into consideration. 
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J? demands put to teaching the fundamentals of sciences to be 
^'u^^5^ deteimined by the list of 

S f '"^5 student has to master, progranne deuands to the essence 

^ «2if?'tt."^ "tal of the knSwlldge and habits S ii^h 

school m)il shou).d acquire. The high level of literacy, the mastering of a 
^iS^iSiilS^!!? ♦S! "f^f^^eal a«d other nrtural scientific know^ge, the 
Sf^I °^ "^J"^ problems of social development and past histoiy 

a^fSf wIL*?f^ ^? ^ P«««5 °f study sSoe students 

S«™ S?^ ^ °^ "e" of science and technology. 

TjkwS -this into consideration, the public education system will now include 

S^iihi S*^" ^J*" developwent of this trend. This 

l^pSSiTd.^^^^^^^^ ih"eri^£4?«,fr^?r^ 

potential) results in better knowing? ^'^i ^ 
relieve piyils from the need to memorise material of minor in^rtance: The 
S?r,?'f^ ^''"^ "^"^ "^J' " foster the will and Siiariln 
SrtSSi^'rSL'^ their charges, to mould their world outlook andhelp th^ 
»nHTK-^"^*r'! choosing their road in life. Man cannot acquire kno^edge 

"^'^ e:q«rience or fron his iSate^SSd- 
^fnLina I r-^'' educational system that is a socio-cultural institutim 
wrS^S^^J*^^ P*"™ ^oovercone these narrow bounds, since school^ils 
have to process an enoimis flow of information, it is important that the 

l"'^^'^ "i-l^' be subSdiSSedTtS main 
?wS?nri„5'^L": °^ conditions for the development of indepento? 

thinking and the striving for constant expansion of knowledge. """P™"^'^ 

As a result of the work done we can say that the point is to create new text- 
books, rather than to revise old ones. 

J{!»*!!t»c!?vS^r'^^ specialists, the modem course in physics gives school pupils 
^« ffmM^ fundamentals of physical theories, explain^ major physical phSS- 

f^^J*""^ "^^"^ of scientific research, and contributes 

to the development of cognitive and creative cqsabilities. jteplied infonnation 
IS now used better for illustrating theoreticarpremises, ajJS^also iH""™^"™ 
poiytechnical aspect, bearing on problems of the mechanisation and automation 
of production, power prodxtion and electrical engineering, and connunications . 

i?v*!lf fS'^?: selected material (in the opinion of a major- 

" J- P?"'"' " study the fundamentals of the science 

rf^rJ^ " understand the structure 

^iJSJ-lv f interatom actions, including their energy potential. The modem 
^i^iii? foundations of major large-scale production JySles in th? chemicalV 
petrochemical and metallurgical industries are correctly described at length, 
information is giv«i about the production and utilisation of fertilisers in 
agriculture, etc. The course also reflects the major processes of the transfer 

^rl^^J,°Tll°^ ^" sur/ounding wSrldT ii-fortant f or the 

protection of the environment. 

The biology course has been thoroughly revised and is now positively assessed- 
ll^A «l ^{^^ °^ optimisation of the interaction and interdepen- 

dence of observation, experience and independent work with the textbook. 
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Modem textbooks should not be "si^ipliers" of Jaiowledge, but foim a coiH)lex 
of students* works— often creative and even research works. The humanities 
allow school pupils to master the sinplest methods of sociological investigations 
(polling, observations of human behaviour, including in natural surroundings). 
Each subject fulfils its function in disclosing various aspects of the inter- 
action of the 'toi— society— nattire** system. ^ 

-Ecological problems are a characteristic phencmenon of the second half of 
the 20th century. The chemistry, physics, geogr^hy and labour training courses 
devote ,aiore space in their new curricula to revealing the technical and tech- 
nological aspects of the ecologisation of modem production, and the biology 
course— to disclosing the ecological foundations of the organisation of life 
in the biosphere, and their strengthening or destruction as a resaTt of the 
various kinds of hman activity. 

The reform orients scientists to the study of the ways of integrating theo- 
retical knowledge with life. If this is examined confonnably to ecological 
education, it largely embodies the desire of Soviet scientists and practical 
demand : to teach a conBprehensive approach to life. Man's attitude to the 
environment is inseparable from social progress and is in close connection 
with the scientific features of a concrete historical epoch. Tliis is why the 
ecological questions in new textbooks, including global ecological problems, 
their essence and nature are disclosed in the context of the present historical 
period, for it is extremely inportant to form a system of scientific knowledge 
and value orientation which would pron^jt a responsible attitude of young people 
to the environment, the observance of ecological standards and rules and 
intolerance to an irresponsible approach to nature. ^ Incidentally, all these 
questions were discussed at length at the 1st International Conference on 
Ecological Education held in Tbilisi. 

Present-day socio-ethical progress demands man's careful attitude to his 
habitat, to the whole planet, and its future. While protecting nature man 
protects himself, too. The laws on nature protection and the rational use of 
the atmosphere , forests and water resour 'es adopted by the USSR Supreme Soviet 
are of a great educational significance. It is precisely ethical and not only 
sci'^ntific, factors, that contribute to the successful elaboration in our 
day of the strategy of a positive solution to ecological problems. In this 
context Karl Marx's words that "subsequently natural science will include science 
about man, to the extent that science about man includes natural science, and 
that will be one science", ^ have a profound meaning. 

School pi^ils must not only know how one should treat the environnjent, but they 
should also be able to pursuade others to display a sir'lar careful attitude to 
it. According to the Guidelines of the reform of public education in the USSR, 
the continuity of ecological education presiqjposes the inclusion in it of school 
pi^ils* labour training, which fosters habits of thrifty, rational ejqpenditure 
of raw and other materials, energ/, water and other resources of material 
production and ways to protect the environment. In some union republics optimal 
courses, such as "Nature Protection" and "The Biosphere and Man" have been 
introduced. 



^For greater detail see Teaching Nature Protection in the Training of Students 
for Pedagogical Activity. Volgograd, 1979. Pedagogical Priciples and Conditions 
of Ecological EducatfonT Moscow, 1983. 

^K.Marx and F. Engels. From Early Works. Moscow. 19S6, p. S96. 
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Ctwputensation is one of the indices of the active introduction of science 
in education. The Academy of Sciences, higher educational establishments 
and other institutions equipped with caumters, are rendering the necessary 
assistence to the school in this respect. In carrying out the school refom 
tne state has aade a decisive step towards ccnputerisation : from now on the 
study of the fundamentals of computing technique is obligatory in imper forms 
Of the general and vocational schools, and' also the secondary special educational 
institutions with a view to fostering the habits of the use of conputers and 
disseminating iaiowledge about their broad use in the national economy. 

This irmovatiori in today's Soviet school is not a simple thing. We have begun 
to introduce It before the mass production conputers for personal use has been 
started in the country. This is correct, for ejqperience shows that if people 
have not been duly prepared, computers will be of little use. The point is not 
only to teach man to get rid of "routine" mental work, entrusting it to machines, 
but to develop man hinaelf , mould his personality, for conputers are an essential 
neip m this process. The essence lies in their rational utilisation for 
developing man's creative attitude to the surrounding world. This is easier to 

^i^,childhood, when a child is just beginning to discover things and phenonena 
around him. According to Academician Y. Velikhov, "a new culture comes into 
Deing, the culture of a dialogue, of contact with machine. This culture will 
come to our society not through science alone, but, above all, through the 
system of education. Wio fcaows, maybe the school pupil in the year 2000 will 
first learn to print on cooputer and then to wri a by hand... People will be 
using not only the fruits of science, but its v essence-the scientific 
method of thinking and learning. And of course, the future depends on the young 
people who are now stepping on the road of searching for the tnith."5 

At the present stage of scientific and technical progressand in the conditions 
01 tne transition of the Soviet economy to an intensive development way, the 
ensuring of universal conputer literacy has become one of the Soviet school's 
most crucial tasks. An experimental textbook has been conpiled for the new schol- 
astic year— fundamentals of Infonnatics and Conputing Technique" (prepared 

authors headed by Academician A.P.Yershov and Corresponding Member 
of the USSR Academy of Sciences V.M.Monakhov) and a curriculum for that course 
I 1 elaborated. During the last summer recess, 70.000 teachers of general 
schools and specialised secondary technical schools attended refresher courses 
at the countprts higher educational establishments; teacher-training institutes 
Degan to tram teachers of mathematics and physics specialising in infoimatics 
and conpjting techiique. Public education bodies have been given the right to 
invite specialists from scientific institutions, industrial enterprises and 
educational-production establishments (their number has reached sToOO) for 
teaching infonnatics and electronic conputing technique. The experience of the 
introduction in the school system of electronic conputers and the study of 
microprocessor technique by teachers gained by the teacher-training colleges 
0/: Moscow, Kiev, and Sverdlm'sk, by Kazan and Chuvash universities, and by 
ttie Volvograd and Belgorod pedagogical institutes is widely popularised. At 
some educational-production training centres of Moscow students are studying to 
bjcooe ccnputer operators, prograniaers-laboratory assistants, set-up men for 
electronic apparatus, etc.^ » i xui 



^Izvestia, August 5, 1985. 

<»jarodnoye ob razovaniye. 1984, No.9, p.4; Pravda , July 24, 1985 
Sovietsxaya Ko&siya . August 4, 1985. 
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These are just the first steps, there are quite a few cocplex problems ahead, 
we of them is inadequate coordination of measures to introduce electronic 
conjniters in schools. PuMic education bodies and the USSR Academy of Peda- 
gogical Sciences are doing much in this respect, but they are short of ex- 
perienced personnel and have insufficient experience in jwrsuing a consistent 
technical line in order to eliminate "coo?mter illiteracy*'. A course in 
informatics is not enough to teach school pupils' to handle electronic conputers 
in studying concrete subjects. Consequently, the need arises to change the 
■ethods of teacning school subjects, with due account of the use of electronic 
computers. IXinng the ccsning five-year period it is planned to set vp a multi- 
tude of special training centres at the country's educational institutions, 
with the. help of the USSR Academy of Sciences and schools of higher learning, 
^cial seminars and study courses— "Algorithmic Language of Primary Schooling", 
^gorithms and Prograumng at Secondary Schools", •Toimation of Habits and 
Skills m Using Microcalculators at Lessons of Mathematics'', etc —will be 
ox^ganised. 

World experience in this field will also be widely used. 

Of course, there is nothing surprising in that the problems of education are 
so closely interwined with the developnent of science. Retaining a conparatively 
well -organised system and using interdisciplinary connections in a planned manner, 
the Soviet school is striving today to achieve such a coordination and inter- 
action of the elements of the teaching process vrfiich would ensure the systems 
character of the fundamentals of sciences, their generalisation and consoli- 
dation and the fostering of the habits of independent studies among school 
piq)ils. Last year a new course was introduced in the vpper foms of Soviet 
schools— 'The Ethics and Psychology of Family Life" (prior to that experiments 
have been conducted in a nuinber of schools). A special textbook was coimiled 
for the purpose. However, Soviet pedagogical science and practice deemed it 
inexpedient (as suggested during the discussion of the draft of the reform) to 
introduce a series of new disciplines in the curricula, for it would overburden 
schoolchildren. (It was suggested, for instance, to introduce in the school 
curriculum such subjects as psychology, logics, world culture, chess /as in 
schools in Venezuela/ and dance classes). 

The scientific and tecnnological revolution, Oiile exerting a powerful influence 
on school education and child upbringing, puts greater demands to the poly- 
technical and labour training of school pupils and calls for changes in the 
methods of teaching general educational subjects and in the technical backing 
of teaching. This is also taken into account by the school refonn. Pupils 
should acquire broad knowledge about the scientific foundations of production, 
learn to use various instruments and technical divices widerspead in labour 
activity, and master work habits in order to be able to freely choose and 
change occupation. Labour will never be a pastime or entertainment in school, 
(^oting Marx, it will remain "a devilishly serious matter". 

Today's school in the USSR is faced with the task to make the process of 
learning joyous ; children should be taught to cope with difficulties. 

The question arises: how should they be taught? 

Under the refonn, teachers should not be forced to use only one or another 
method of teaching. One should always proceed from concrete conditions and 
circumstances. The correctness of the choice of methods, foms and means of 
teaching should be judged on the basis of the results gained and the time and 
efforts spent by pupils and teacher himself to achieve the aim of education. 
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Lenin wrote that *Ut would be absurd to fomilate a recipe or general rule... 
to suit all cases'*.' 

The nain enphasis should be laid» as envisaged by the Guidelines of the school 
refoiin» on the fusion of science and the experience of best teachers and» the 
consistent introduction of modem scientific achievements, taking into account 
what has been achieved in other countries. A teaching aid is not a code of the 
only possible approaches to teaching the fundamentals of science, but a descript- 
ion of their ■ultifoxmity. 

The significance of fundamental research for the development of education is 
great. Modem knowledge about man is progressing on the basis of the study of 
the laws of aan*s physical and psychological development and a profound under- 
standing of the interaction of the social medium and biological nature. A break- 
through in fundamental sciences always revolutionises practice. Science *s 
participation in the elevation of human personality noticeably grows, and the 
sphere of its plication to man*s personal li^e is r^idly expwlding. The 
conceptual function is aquiring an ever grenctr significance even in fundamental 
sciences. Th.? relativity theory, modem atomic physics, discoveries in biology, 
mathematics and astronomy— are all factors of the enrichment of man's intellect- 
ual and cultural world. 

i^lied science stands between pure science and practice. It provides the 
teacher with scientifically verified premises. liich has already been done 
since the introduction of the reforra for the rational distribution of •:cientific 
forces to successfully tackle the practical, day-to-day problems of the inprove- 
ment of education. The USSR Acadeisy of Pedagogical Sciences has thoroughly 
revised its plan of researdi aimed at raising the quality of scientific methods 
of teaching at school and more etfectively introducing achievements of sience 
in school education. A new institute has been organised at the USSR Academy 
of Pedagogical Sciences— the Institute of National Economic Management— and 
scientific sections have been set up to elaborate the problems of the utilisation 
of conputers in the teaching process. In the coming five-year period pedagogical 
scientists will concentrate weir efforts on the investigation of the conpre- 
hendiv'e purposeful programmes •'Electronic Ccnputers at School**, *The Upbringing 
of a Hannoniously Developed Personality**, *'School and Pupils* Labour**, **School 
Textbook*', etc. Textbooks and study aids are being created, as b fore, with 
the direct participation of leading scientists and college instructors. 

Today, 30 pjr cent of the *mtire Soviet population are studying. The teacher 
plays the I'^cisive role in providing the rising generation with the firm know- 
ledge of che fundamentals of pcicnces. At present teachers are being trained in 
the USSR at 482 special teacher-treininr, schools (for primary schools) , 
70 universities* 200 teacher-training ii\stitutes, and also 70 industrial and 
pedagogical institutes and special secondary schools. 8 845.000 future teachers 
were studying at teacher-training institutes alone last year. More than 160.000 
young teachers start working in the system of education every year. Last year 
almost 45 million children attended 150.000 general schools, four million were 
studying at vocational schools, and 4.5 million— at specialised secondary 
schools. 4.4 million youthsand girls received conplete secondary education last 
year.^ Textbooks were published in millions of copies, and they were issued 
freely to all school pi^ils (not counting 500 million copies of textbooks and 
study aids kept at sdiool libraries). Under the reform, teache" -* wages are 
to be raised (from September 1, 1984 vp till September 1, 1987) by 30 to 35, per 
cent. This measure concerns six million people and will require 3.5 billion 
roubles annually. 

7 V.I. Lenin, Collected Works , Vol. 31, p. 68. 

8 Sovietskaya Pedagogika , 1985, No. 3, p. 63 

9 iTud , July Z7, 'ml 
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SjKh a few of the figures pertaining to the Soviet school which is now livinc 
through a period of a serious changes. 

Soviet young people are also engaged in extracurricular activity, studying 
outside the general educational system. Self-education is becoming ever more 
widespread nowadays. It is popular in all sections of Soviet .society. Soviet man 
studies virtually all life long: either in the system of correspondence or 
evening education,^ without dropping woric, at various refresher courses, or 
independently. All types of education are free. The sUte spends annually, on 
average, more than 180 roubles,, on a school ptpil, 67o roubles— on a student of 
a specialised secondary educational establislnent, and more than 1.000 roubles— 
on a college or university student. In the USSR universal cooplete secondary 
education is obligatory for all citizens. 

The aim of mass education in the USSR is to teach young people to think 
creatively. This is especially important when a young man or woman cooses across 
a problem which has no standard solution. The traditiaial system of education" 
oriented to providing the students with established indisputable facts and 
the peimament schemes of their interpretation and urging them to passive memor- 
ising, has now lost its efficiency. Young people who are used to ^roach 
professional or social problems with ret-y-made solutions and routine stereotypes, 
prove helpless in the face of collisions ant' contradictions, find themselves in 
conflict with reality, and behave passively when active reaction is necessary. 

The present refonn of education in the USSR is aimed precisely at the development 
of young people's creative abilities. It is in^wrtant to draw the younger gene- 
ration to scientific knowledge not in the foim of making school pupils to learn 
postulates, axioms, concepts, rules or algorithms by rote, but including them to 
disclose and comprehend the questions and tasks which are tackled by corresponding 
fields of knowledge. *^ ^ 

In the age of the scientific and technological revolution the development of the 
creative potential of young people is a great benefit both socially and personally. 
Sociological research shows that many types of activity can be made attractive 
and absorb: -ife* if monotony is excluded from them and creative elements are intro- 
duced. 

A wealth of knowledge and habits and erudition are the necessary features of an 
educated specialist, but they do not always point to a creatively gifted person- 
ality. The high level of civic responsibility, high moral traits and ksnanitari- 
anism— these features are fostered not only by the aquired knowledge, but in the 
entire course of education and iq>bringing. The Guidelines of the refonn state 
that • everything valuable obtained by the work of several generations of teachers, 
the Soviet school and pedagogical science, everything that has stood the test of 
time should be carefully preserved and actively utilised. Simultaneously, the 
urgent questions of ii!5)roving the education and i^bringing ot young people that 
have been pronpted by the vital requirements of social development, should be 
solved." 
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APPROACHING SQENCE HIXIAnGN WITHIN IHE RANGE OF HUMAN DIMQISIONS 
- Indigenous Eleaeataiy Science in the Federal Republic of Geraany - 



This paper focusses on those trends in German science education which 
intend to upgrade the quality of life by qualifying children to take 
their own future in hand, participate con?>etently and responsibly in 
public decision-uaking and contribute to high standard productivity. 
TTiey may be seen as responses to acute historical demands, i.e. 

- the futility of teaching scientific concepts, 

- the degradation of the natural environment, and 

- the devaluation of quality production. 

By revisiting traditional teaching and renewing some of its princi- 
ples an indigenous approach to elementary science education is 
developing. Its con^nents are an educational 

- redefinition of science, 

- rediscovery of nature, and 

~ reconstruction of technology. 

Although this approach has a coenon sense plausibility, its pragmatic 
school version may prove countereffective. To minimize this danger 
and to ensure educational progress, theory and critical reflection of 
historical failures and successes are required. With this in mind I 
propose to associate the "new" trends in science education with a 
science of human dimensions. 

The focus of my concem is elementary science education. But, it 
relates to the introduction into the sciences regardless of school 
level or institutional context. Because of this it inevitably 
challenges some of the established positions held in science 
education. 



1. •^SCIENCE^ IN GERMAN ElBJENTARy EDUCATION 



U. Geinan elementary education 

Unlike in most countries , German elementary education encon5)asses 
only fo^ir years of school (ages 6 - 10), preceded by voluntary 
kindergarten education (ages 3-6). It is followed by 6 years of 

1 A more detailed description of German elementary science education 
is available ir LAUTERBAOi, R., FREY, K.: Primary science education 
in the Federal Republic of Gemany, (1987) 



Roland G. Lauterbach 
Institute for Science Education, Kiel, Germany 
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conqpulsory secondary education (level I) for all pupils. Upper 
secondary education (level II) is again voluntary (Annex). 
TTie Federal Republic of Gemany is con^wsed of eleven states, each 
one being autonomous in educational decision^naking. This leads to a 
great variety of syllabi and, consequently, to a broad spectium of 
learning experiences. Neverthelesss, a conmon educational culture 
exists and represents itself in a coninon educational philosophy. 
Thus, the pedagogical principles of elementary education are more or 
less unifoiTO. They are grounded in a subject called ^Heiinatlainde und 
Sachunterricht" which may be translated a "Cccinunity", '^Nature", 
"Environmental" or "Generzl Studies", hereafter refered to as 
"Community Studies". And it is this subject which we have to look 
into for what in English terminology is called science education. 

The following diagram gives a brief topical overview of the variety 
of interpretations existing in the different state syllabi for 
Community Studies. 



/ 
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- reading 

- writing 
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meeting or:ganisms 
experiencing natural 

phenomena 
dealing with technology 
living in the human society 
orientation in the space 

and time 
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society 



child and nature 
child and health 
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child and time 
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The syllabus differences demonstrate the independence of the indivi- 
dual states in educational matters. But they also express a develop- 
jnental trend for German elementary education between 1977 und 1983 
(successive years of syllabus publications frm left to right). The 
newer syllabi are clearly changing in favour of a "conimmity" orien- 
tation as the lastest one from Nordrhein-Westfalen, G'3nnany's largest 
state as far as j^pulation goes» substantiates. 

Topics in CcHiiity (General) Studies (NRT 1985) 

Intention: To have children experienc3 natural, technical and social 
phenomena in their life's reality! 



Grades 1 and 2 



Grades 3 and 4 



School and Going to School 
At Home and in the Streets 
Clothes and Body Care 
Eating and Drinking 
Plants and Animals 
Places of Work and Professions 
Raw Materials and Tools 
Time 

Myself and Others 
Girls and Boys 



Living Environment and Home Town 
Nordrhein-Westfalen - City and 

Countryside 
Natural and Created Environments 
Birth and Growth 
Body and Health 
Bicycles find Traffic 
Past and Present 
Materials and Machines 
Supply and Disposal 
Use and Effects of Media 
Air, Water, Health 
Weather and Seasons 



1.2. Science and the elementary curriculim 

During the 1960's US-ideas and products ten^ted Gennan science 
educators into adapt Lig them. We began to restructure our own long 
standing approach readling back to 1916. In doing so, we used the 
opportunity fo discuss and research the contributions the sciences 
could make for in^roving elementary education. The studies were quite 
enlightening for imderstandig teaching and learning of science, but 
the results remained non-conclusive as far as iusnediate inqjrovement 
of elementary education was concerned. This point will be taken up 
again in part two. 

Where are we today? Tie previous diagram indicates, that in most of 
our states there is no elementary school subject called science. 
Although in some states specifications like "natural science" or 
teaching the "physical aspect" (of things) still exist, there is a 
strong tendency away from concept-oriented science contents to 
process - or action-oriented nature and technology contents within 
the frame of Conimmity and Nature Studies. This is a clear move away 
from the elementary science of the seventies. Three topical examples 
related to the above syllabus may illustrate the change: 
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Topic: Air, Water, Heat 

- assessing and identifying the in^wrtance of air, water and heat fci 
the life of people, animals and plants, 

- becOTing aware of the different qualities of air, water and heat 
and finding out about the variety of uses for thsn, 

- getting to know the dangers related with air, water and heat. 
Topic: Natural and Created BaYirovent 

- finding out about the dependency of human beings, animals and 
plants on environmental conditions (water, soil, heat, light etc.), 

- identifying the possibilities and limitations for plants and 
animals to adapt to different environments, 

- getting to know how man intervenes in environmental processes and 
how this affects human life, animals and plants; 

- being active to improve environmental onditions. 
Topic: Material and Machines 

- assessing quality and usefulness of materials for certain purposes, 

- getting to know purposes of simple machines and how they function, 

- finding solutions for simple technical problems, 

- developing handicraft skills. 

The present situation in Gennany can be sunmarized as follows: 
A fundamental consensus exists that for elementary education priority 
has to given to pedagogical matters. The concepts of teaching and 
learning and the educational philosophy on vihich they are built again 
provide the criteria judging eductional decisions. Subject matter is 
considered more and more to be of secondary importance, but it is not 
to be neglected. It has to fit into the pedagogical concept of child 
development. The developmental viewpoint in education declares the 
individual child a participant in the learning process, ascribing him 
basic constructrive power irregardless of educational attempts. To 
explore and elaborate these vihile dealing with questions of prime 
importance to the child seems educationally more relevant than having 
the child learn constructs of any scientific discipline. Once the 
children have come to grips with their world in a pragmatic sense, 
i.e. they have experienced th'iir own constructive power in making 
things tnemselvfc^ , die epistc/nological value of the science may be 
appreciated and perceived as having that relevance for their lives 
which some of us asribe to it. Enhancing scientific understanding on 
the basis of science knowledge and methodology would be^ the difficult 
task for secoi:dary education. 
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2. HXXXnCMAL FRDCIPLES» BfflRICAL DEMANDS AM) THE ROLE OF SCIB4CE 



Geman educational philosphy has oriented its pedagogical efforts 
towards the ideal of the mature and morally responsible individual, a 
person vho takes an active part in developing the natural and man- 
made environment, ij:5)roving individual and social welfare, and 
enhancing cultural tradition and elaboration. This, at least, is the 
ideal hovering over a rather more earthly reality. 

Its intention I suninarize briefly in five principles to indicate the 
direction of the orientation: 

(1) from child-cent redness ("KindgemaSheit") to subjective generality 

aims at aiding diildren > to develop a conscientious 

personality 

(2) from nearness ("Lebensnahe") to vexnaoilar universality 
aijBS at aiding diildren > to feel at hme in the world 

f3) from vividness ("Anschaulichkeit") to conceptual concreteness 
aims at aiding diildren > to Interpret the world 

(4) from wholeness ("Ganzheitlichkeit") to analytic integiation 
ains at aiding diildren > to create things In this world 

(5) from active learning ("Selbsttatigkeit") to self-reliant 
participation 

aims, at aiding diildren > to becone self-confident and 

responsible 

With these pedagogical principles in mind the educational options 
science offers can ho critically evaluated. But as they are not 
sufficient to generate specific contents, historical demands have to 
be considered. During the first part of this decade three themes are 
emerging. 

2.1. Redefining science 

In German science education science is constisuted by method and 
theory, which means creating as well as reconsi^ructing concept?. The 
effectiveness of teaching towards this end had been presupposf,d, but 
it had not been rigorously examined. This began to change about 
twenty years ago. In the meantime empirical studies have beea under- 
aken. The results have been basically discouraging. 

a) BREDDERMAN (1983) reported in a meta-analysis that some of the US- 
elementary science curricula (S-APA, SCIS, ESS) proved effective in 
terms of some of their intentions: process-orientation for S-APA and 
motivation for ESS. But tliese are tne only positive effects reported 



in csffiirjcal studies on elementary science which are not conpletely 
dimished by the well known innovation effects. Innovations usually 
show an increase of desired results of about 1/3 of a standard devia- 
ion. This is surpassed only in the two mentioned instances of the 
BREDDERMAN data. His other results, especially concept learning, are 
well below this demarkation line. US national studies on the effec- 
tiveness of introducing science into elementary schools are even 
less, they are not at all encouraging (e.g. YAGER and PENIOC 1983). 
In this they are in agreement with Biglish or CanaJian studies. In 
Gennany tJiere ai^e no en5)irical effectiveness studies evaluating 
elementary science programs on a large scale. We are used to narra- 
tive descriptions of classroom activities, in some cases with close 
scrutiny of individual learners, .eachers evaluate elementary pupils 
by intensity and form of participation in discussions and activities, 
their own teaching by the brightness of the pupils' eyes. Even during 
the early 1970s, when new science teaching was virulent, the amount 
of time spent with science topics averaged less than 1 hour per week. 

b) For relatively sisaple problems in mechanics, electricity and 
optics practising teachers as well as student teachers fail to con- 
ceptualize adequately in physics. The empirical evidence, in the 
meantime, has been gathered from so many countries that its 
universality can be hypothesized (DUIT 1986). It is, by the way, not 
limited to elementary school teachers, but encompasses secondary 
school teachers with professional training in the sciences as well. 
For student teachers positive results are disturbingly low, for 
secondary school pupils they are nearly absent. Studies at the 
elementary level are of special interest. They are enlightening in 
the diversity of ideas children have about natural phenomena and 
technical objects, but they are liardly relatable to physics or 
chemistry without a cc»T5>etent and ingenious interpreter. They are in 
a historical sense at best pre-sciencific and as such extremely 
demanding for any elementary science teacher not sufficiently trained 
in science, history of science and even epistemology. 

c) There is sufficient evidence that teaching science concepts "pure" 
to children may not be productive - as teaching has an effect, 
althoi'^h not the intended one. The number of studies in this field 
has L nreased rapidly during the last years extending to all areas of 
the natural sciences. Hiey are conroonly found under the headings 
"alternative frameworks", "children's notions", "everyday theories", 
etc. (DUIT and PFUNDT 1985). Many children learn to use the words 
teachers demand of them at the "right" time, for example "circuit", 
"switch", "current" etc. But as soon as an explanation is required 
out of the teaching context there is no association to what they were 
supposed to learn. Every time we look at our syllabi and text books 
we become more and more concerned and disturbed at what we find. 
Wherever concept formation was attempted, new enq)irical data 
questions the effectiveness of efforts. It is not only that time 
wasted. Our teachers are working hard to put their owi non-scientific 
ideas into the children's minds, declaring them to be' true science. 
And these are then even harder to eliminate or supersede than those 
the children have developed on their owii. 

As a consequence of this state of affairs on exploratory approach to 
learning has been re-activated. Its philosophy is well rooted in 
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Geiman elementary education as mentioned in the preceding chapter. 
But now it relates to enq;)irical findings. Children need to explore 
their own ideas playfully and constructively, identifying their 
potential- and power as well as their borderlii;es and limitations. 
Thus exploration becomes the process-oriented redefinition of science 
in elementary education. But as children do not find established 
scientific concepts by themselves, they will need assistance and 
guidance to orient them towards science. Ther 'eems little choice 
for education in a man-made world of materialized science. And yet, 
we must be aware that there is no proven road to success. It may well 
be that by these means education cannot bridge the gap between the 
children's experiences and ideas - their "coninon sense" - and scien- 
tific knowledge as it is historically defined. As already stated 
above: Hie "new** approach is basically a traditional one. Why didn't 
it; succeed, before? We must also question if our elementary school 
teachers understand children's conceptualizations, those of estab- 
lished science and their own coirroon sense ideas. How qualified are 
they and what efforts will it take to turn their iii^roved knowledge 
into educational results? 



2.2. Rediscoverii^g Kature 

Germany is a nan-made countr>'. It is difficult, if not j:i?x)ssible, to 
find nature in a pure state. We have even enriched our rain with 
sulphur dioxide, aerosols, asbestos particles and what have you. 
Whatever we wear, eat, drink or breathe has run through a 
technological process. And this is also true for whatever ground we 
put our feet on. 

Elementary education is responding to this development by redis- 
covering "nature" for and with our children. Getting to know natural 
phenomena, plants, animals, rocks, different substances, forests or 
parks has become an educational movement. The knowledge children 
aquire is now not limited to pictures and words. "Meeting nature" is 
the educational slogan. ^'Nature" is visited, brought into the class- 
room, perceived with all senses, handled, influenced, cared for. 
Children should get a feeling of their world, get to know it on 
experiential tenns to make it into their owti. There is the dialectic 
intention in this approach which is well known from Piaget and the 
const met ivist movement in cognitive science: building up knowledge 
abcut the world requires active construction in it. 

Because our schools are closed buildings, opening them becomes 
necessary. Biqpirical evidence supports this intention. Surveys of 
what 12 year old children know about plants and animals disclosed 
that many children leaving elementary schools do not know half of our 
common plajits and animals (ESCHEIWAGEN 1985). More and more of the 
children never have had 'iirect contact vith live animals. 
Consequently, the rediscovery of nature jias become an educational 
task. 




It may be seen as a direct pedagogical response to compensate the 
loss of natural experiences for children or to complement their 
technological existence by a quasi(pseudo) -natural one. We are just 
at the beginning of systematically understanding the developmental 



need of hunan beings to experience nature directly. We are becoming 
more and more certain that valuing the "special", the "one and only**, 
the "individuality" is needed in order to value life, be it that of 
others, of ourselves or of the world as a whole. 

How doeo science fit in? Certainly diildren build up knowledge about 
natural processes. They explore and experiment. They may not be 
rigorous and intending generality of theii knowledge. They are happy 
to know their plant, their pond, their forest. And in this they are 
Vre*scicntific. But we assume that this is a good way into biology. 

There is another, broader educational expectavion connected with this 
approach, known as environmental education. 

Not having thoroughly understood the laws of nature, man has been 
destroying the natural prerequisites of his survival. The destruction 
goes on although individual and public awareness is rising. If we 
take into account the empirical evidence that knowing of the 
disastrous development does not necessarily lead to action 
controlling it, we have to look for additional ways and means. In a 
study about environmental behaviour and consciousness LEH^IAKN and 
LANGBiEIKE (1986) identified "early experiences with animals and 
plants" as one of the significant factors enhancL.ig environmental 
consciousness. Experiencing the sensitivity of natt 'al systems to 
human intervention may lay the foundation for better understanding 
and responsible action. Attenq)ts to reconstruct such systems could be 
the best educational practice. But there is no convincing evidence 
that this can be done without a scientijEic approach joining the 
direct experience of nature. Unfortunately, we are not in a position 
to prf :isely state what of science is needed, subsequently, how to 
teach it and how to qualify our teachers accordingly. 

2.3. Reconstructing Technology 

In our long tradition of comnunity education the crafts have been 
valued as important educational topics. Khat craftsman do, how people 
'^"k is studied from the beginning of school. The craftsman is still 

high esteem, be it a baker, a joiner or cabinet-maker, an 
u "trician or a mechanic. Learning about crafts always included 
learning about the materials and tools, about techniques and work 
processes, about quality and functionality of products. 

As new machines and equipment were introduced they too becrjne part of 
the curriculum content. New industries were also includr?d. V,'^ile 
nowadays the list of topics differs from that of 60 years ago, the 
basic structure of dealing with them has not changed very much. 
Besides reading and writing about crafts (today films and video are 
available) the children visit the work places and work themselves at 
making and constructing things. In elementary education **making and 
constructing" starts with fairly simple things, e.g. bricks and 
construction toys, introduces the use of tools, leads to the 
reconstruction of basic machines and allows for individual artisian 
products. In some states there is an extra subject for the manual 
active ties. This type of productive content and process experience is 
gaining status again, because our children are more and more exposed 
to finished industrial mass products only. Without education they 
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would just know the results of production. In order to have children 
understand that basically these products are man-made an experimen- 
tial basis is intended, upon it knowledge of productive processes, of 
materials, tools and quality of workmanship is to build up. Thereby, 
the children get to know a lot about the material world, about the 
ways and means of dealing with it in categories of utility, quality, 
quantity and of human values. 

The special educational interest here is the constructive dimension 
of human existence. In the productive act knowledge, problem solving, 
a variety of skills, creativity, intuition and rational planning 
needed. It is indeed the objectivated paradigm of human development. 
And as such it will, in the perspective of educational planning, have 
to incMe the science as accumulated explanatory knowledge which 
aids technological action and problem solving. 

But again, how can science represent itself in this context of 
elementary education? Children are exploring aixd experimenting, 
observing and measuring. They are learning a lot in terms of physical 
sciences without conceptualizing in those categories the physicist's 
or chemist's use. They are closer to the categories of technicians or 
daddy's way of seeing it. As practical knowledge and know-how it is 
not necessarily theoretical in a general and prognostic sense. Yet it 
deserves without doubt high esteem. An excellent craftsman like 
Stradivarius, who didn't know the physics of his violins, knew how to 
make them of exceptional c .lity. Let u& exploit this example in 
another direction. 

With technology education, like with environmental education of 
nature study, the ground is to be prepared for quality judgement and 
for moral judgement by having children experience "good quality" and 
"good life", in one respect referring to the natural environment, in 
another respect referring to man-made products. Today we know that 
for our life both belong together, they are interdependent. 
Rediscovery of nature and reconstruction o* technology intend to re- 
establish lost quality for living and thev join together in creating 
further iii?)rovement. In this sense creatic.i is the positive contri- 
bution of mankind to its, but also to nature*s development. The idea 
of bringing together our productivity with that of nature is becaning 
a prevailing philosophy. In a very rudimentary form children could 
experience this by participating in creating. This may build into 
them the anticipation of what "better life" could mean and enable 
them to work on its realization. But this doesn*t just happen by 
itself. If we want to enhance understanding of what is experienced, 
reflexion of expedience is needed. If we want to avoid the hit or 
miss approach of good will as experienced in the past, we will have 
to invite pessimistic analysis, then engage in integrative planning 
and come xxp with an optimistic strategy. 
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3* IW»OSmCN FOR ACTION 



The cited practical approach to adjust elementary science education 
to historical demands seems sensible to get teachers started. But it 
does not necessarily answer what of science is needed and what of it 
has to be avoided and how it can be taught effectively at the 
elementary level. 

Taking to pessimistic analysis, I contend that we are roost probably 
confronted by systematic probleni and not one of teaching or didac- 
tics, at least not primarily. Is there a epistemolc^ical gap between 
our daily experiences and science? If this is the case, how do we get 
into the world of science? Is it possible I'or children to get into 
it? Is it desirable? The following attempt to answer is optimistical- 
ly promising, but it still is, at present, largely speculative. 



3. 1 • The Range of Hunan Dimensions 

When starting with a relatively siii5)le concept of knowledge, one can 
differentiate between perceptional, experiential and theoretical 
knowledge. Sc;ence is in its end theoretical knowledge. 

My thesis: All or knowle4ge develapnent starts with percep*"lon and 
experience within the range of husan dinensions. 

Evolutionary epistemology points out that hv jan perception and our 
capabilities directly linked to it are fairly well defined (VDUMER 
1986). We can cae only within the small band of 4x10 to 8x10 Hz 
of the electromagnetic spectrum, hear between 16 and 22 000 Hz of the 
acoustic spectrum, exist within the temperature range of 270 - 300 
Kelvin etc. Depth and speed perception are within certain boundaries 
like the perception of many other characteristics we attribute to 
experienced phenomena. Within these human perceptual ranges we are 
optimally quipped to survive, i.e. to operate in our environment 
without technical devices. Is it similar with our thinking? Has it 
also an optimal range linked to our perception and experience? There 
is some empirical evidence to take this consideration seriously. 

Non- linear change characteristics are usually not within our intui- 
tive grasp, i.e. without supplementary tools and training we are not 
able to anticipate future states of a system which develops non- 
linearly. A simple exau^le is the exponential growth of a population. 
It is not impressionistically believed in an active sense even after 
it has been cognitively comprehended until it is too late, i.e. the 
population giowth gets out jf control. Our trust in the economic 
giwth ideology has probably the same roots. With hyperbolic change 
effects we are intuitively completely helpless. Studies in con^lex 
problem solving also identify our limitations in handling complex 
systems. We act counter-effective or confused, mainly when we try to 
anticipate the devlopment of a system as soon as too many (more than 
five) factors have to be considered (DORNER 1981). From an evolution- 
aiy point of view our capabilities sufficed as long as human beings 
lived within that part of the natural environment irfiich is describ- 
able and functioning within the range o£irt^dium or human dimensions. 
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Hie evolutionary epistemologists call it the **njeso-cosmic" system 
level. It is that section of the world which we can identify, know, 
reconstruct without any artificial means. As long as we had no 
technical aids, the macro- as well as the micro-cosmic level remained 
practically out of control and mentally representable only in meso- 
cosmic methaphors. Enlightening exan5)les are readiJ*' available frcsn 
mythology or tiie histOTy of astronomy. 

With the invention of material and cognitive tools (e.g. microscope, 
telescope, mathematics) man moved en5)irically beyond the natural 
boundaries of human dimensions. New structures, functions and pro- 
cesses were identified which no longer can be handled by la&so-cosmic 
laws, rules, intuitions. What colour has a proton? What is light as 
the micro-cosmic level? Or what is a "black hole" t the macro cosmic 
level? Do we really know? History of science can be read as con- 
tinuously refining, differentiating and semantical ly transposing our 
historical methaphors. Old models had to be replaced, pictures for 
the new worlds had to be created. But time and again they did not 
suffice. The problons connected with metaphorical representations 
seemed solvable with the invention of a most efficient non-pictorial 
tool: mathematics. But we cannot be sure of its success. The three- 
dimensional world of Euclid and Aristotalian physics became histo- 
rical in the sciences, yet they are still viruleiit in any "conmon 
sense" stat«nent. While in chemistry the stability theorems lose 
their epistemological and productive praainenc€', vhey continue to 
guide chemical technology. Dynamic system concepts replace taxono- 
mical descriptors in biology, but our comnon ui.derstanding of organ- 
isms still relies on the latter. So how can children learn to under- 
stand new science of today and tomorrow? Perhaps it can be done only 
through historical reconstruction of how +iie boundaries of human 
diucnsions were transgressed by using ne\^ cognitive and technological 
means. We may have to accept that there is no direct entry into the 
micro- und macro-world by direct observation or by common sense. 

What are possible consequences for elementary science education or, 
for that matter, for the beginning of any science education? 
If we continie to claim we are teaching science, for instance, in 
elementary school, we must be aware that we are not referring to 
science as the existing historically developed more or less 
consistent body of knowledge, which is no longer confined to the 
meso-cosmos and cannot be understood intuitively. 

Instead, we can optimistically pix)pose 

(1) to help the children to explore the world of human dimensions in 
order to establish here the foundations of knowledge needed to later 
transgress the perceptual and experiencial boundaries with technical 
and cognitive tools. We have to keep in mind that the world beyond 
our perception can only be thought, not experienced. This becomes 
evident in the simplest experiment. 

(2) help the children to develop their anticipative potential tor 
successful action and experience by having them explore their world 
constructively. This should develop their intuitive powers. But 
again, we have to keep in mind that successful intuitive anticipation 
is limited by the human dimensions. Trusting intuition or conroon 
sense beyond these dimensions may endanger survival. So they will have 
to leaxn the limitation of their intuitive powers as well. 



At this point this epistenwlogy becomes relevant for nature study and 
technology education. We live in the meso-cosmos and all of us can 
experience quality of life only at t!»is level- What we often do not 
know is how to reach this quality by micro- or macro-'cosmic means 
without affecting the meso-cosmos unintentionally. Consequently, we 
need to build into our educational efforts ways and means to control 
the human gap between the increasing coii5)lexity of our world - which 
we are generating - and the retarded understanding of it which 
results for many. Teaching science is seen as one possible solution 
if it is done critically and competently. I am defending this vic'v- 
But at the same time I am questioning that it can be done effectively 
before the world of human dimensions is perceived, experienced and 
understood, i.e. theoretically interpreted. Furthennore, I am 
convinced - and this is a point of ethics - that is should not be 
done before value judgement is developed for quality and morality as, 
for instance, nature study and technology education intends. 

Although still lacking the epistemological foundation, a first 
sunmary and elaboration of this intention to create optima of living 
as already been outlined under the heading of eco- techno logy (BONDER, 
HSUSSLER, LAinBU^Affl, MIKELSKIS 1987). For elementary education it is 
still at a speculative state. But, here too, the establishment of 
founding knowledge at the meso-cosmic level and of grounding 
experiences in morality are indispensible. When turning to science 
and science dependend technology later on, our children may then be 
better able to move across the natural boundaries and judge what 
needs to be done and what needs to be avoided when participating in 
the making of their future. 

3.2; Teachers 

Any prqwsition to act within this context will have to refer to 
teachers and teacher training. A statement of appeal must suffice. It 
is common knowledge that in education progranmatic declarations need 
teachers to mal^e them come alive. Teachers are idealists, dreamers of 
a better future^, and what is more, they are the professional 
advocates of our children. This ethical position requires the social 
effort to invest in their further professional qualification. It is 
our experience in elementary education that its quality is indeed 
directly linked to the high standard of our teacl.er education and the 
high social status they have in our society. Nevertheless, we had to 
learn that with changing historical demands continuous 
requalification of our teachers is mandatory. But as in our education 
system the responsibility for this requalification rests with the 
teachers themselves, we had to develop a concept of self-organizing 
teacher training. Teacher training institutions have to furnish the 
organizational support, political authority must guarantee the 
ideational and financial backing, anf' educational research has to 
identify the relevant knowledge and strategies to be transfered to 
the teachers' responsibility. This is not an easy task to tackle. 
Unfortunately, it has priority in the mind of far too few. Let us 
engage in efforts to enlighten many. 
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5« SnUCIURE OF THE GBMM SOCOL SYSlBf 



Unlike in most countries, Gennaai elementary education encompasses only 
four years of school (ages 6 - 10), preceded by voluntary kindergarten 
education (ages 3-6). It is followd by 6 years of coopulsory second- 
ary education (level I) for all jxq^ils. Upper secondary education 
(level 11) is again voluntary. The following diagram illustrates the 
structure of the German school system. 



The Education System in the 
Federal Republic of Germany 
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It should be noted that beginning with grade 5 three types of secondary 
schools are offered. They can be thought of in teims of the traditional 
English partite system with secondary modem, technical and granmar 
schools. In a few of our sf'tes con5)rehensive schools have bee,*^ estab- 
lished, the existence of pai ition effects the upper elementary school 
because it has a selective function. Selection is mainly guided by 
reading, writing (especially spelling and grammar) and mathematics. 
The social status of parents is still known indicator of educational 
success at the elementary level. 

German teachers have 13 years of general education and at least three 
years of theoretical training at teacher training colleges or uni- 
versities. Thereafter they have two years of supervised practical 
training in the schools. Each training phase is coii5)leted with exami- 
nations. After having become fully accredited teachers they liave the 
opportunity to participate in teacher in-service training of their 
choice up to one week every year. At this training is voluntary and t3ie 
opportunities limited, the in-service experiences of teachers vary 
widely. 
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SCIENCE AND TECHNOLOGY EDUCATION OF ILLITERATE ADULTS 



Departamento Investigaciones Educativas, 
Centre de InvestigaciSn y de Estudios Avanzados del 
Institute Polit6cnico Nacional, M6xico 



Introduction ^ 

In any field of human endeavour it is necessary to take in- 
to account the future needs of society if we want our task 
to be adequately planned. Education is no exception to 
this rule and, in the case of science and technology educa- 
tion in particular, the consideration of future human 
needs is indispensable; this is due, among other factors, 
to the rate in which new knowledge and new technologies are 
produced, to the development and improvement of teaching 
methodologies and resources and to the accelerated change 
of life styles in urban conglomerations and in industrial 
societies in general. Nevertheless, in emphasizing future 
human needs, it is dangerous to inply that current problems 
are solved. 

In this paper I point out a problem that is going to 
remain as such for many years to come, so its solution 
constitutes both a present and a future human need. Tht 
issue is the teaching of scientific and technological prin- 
ciples, concepts and skills as needed by the enormous 
masses of illiterate adults living in the so called Third 
World countries. 



Illiteracy: a pervading problen . 

This is not the place to present a comprehensive analysis 
of the illiteracy problen all over the world. For the case 
I am trying to make, it is enough to go through the figures 
presented in Table T to realize how, in spite of the huge 
human, material nnd financial resources invested for 
decades in countless compaigns in Latin America, illiteracy 
remains a tremendous problem in the great majority of our 
countries, with the exception of Cuba and Nicaragua. 
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TABLE 1 

ILLITERACY MTES (PERCENTAGES) AMONG THE POPUUTION OF 
15 YEARS OF AGE OR MORE IN 14 LATIN AMERICAN 
COUNTRIES, 1950*1970 



COUNTRY 


1950 


1960 


1970 


Uruguay 




9*5 


6*1 


Argentina 


14*0 


8*6 


7*4 


Costa Rica 


2K0 


15*6 


11*6 


Chile 


20*0 


16*4 


11*7 


Colombia 


38*0 


27*1 


19*1 


Paraguay 


34*0 


25*4 


19*8 


PanamS 


30*0 


23*3 


20*6 


Mexico 


43*4 


34*6 


25*8 


Pera 




38*9 


27*2 


Doainican Republic 


54*0 


35*5 


32*8 


Brasil 


51*0 


39*4 


33*6 


Honduras 


65*0 


55*0 


38*7 


El Salvador 


61*0 


51*0 


43*1 


Guatemala 


71*0 


62*0 


53*8 



Source: Filgueira» C*, i977* Expansi6n Educacional y Es* 
tr&ti£icaci6n Social en America Latina* UNESCO* 

It could be said that the same figures show an important 
diminution of the problem in the time lapse considered, and 
that, tak?ng M€xico as an example, the percentage of 
illit<!rat ^ among the population of 15 or nore years of age 
went dowr. from 43*41 in 1950, to 34*61 in 1960 and to 
25*81 in 1970* Nevertheless, we can't forget that, because 
of the high population growth rate, the absolute numjer of 
illiterate adults has remained more or less stable in our 
country for the last 50 years, as shown in Table 2* 
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TABLE 2 

ILLITERACY IN MEXICAN POPUUTION OF 15 YEARS OF AGE OR MORE. 

1930-1970 



YEAR 



TOTAL 

POPULATION 

(Thousands) 



POPULATION 
OF 15 YEARG 
OF AGE OR IVBE, ABSOLUTE 
(thousands) 



ILLITERATES 



1930 
1940 
1950 
1960 
1970 



16 552.7 
19 653.6 
25 791.0 
34 923.1 
48 225.2 



10 062.6 

11 557.5 
15 036.5 
19 471.0 
25 938.3 



6 403.2 
6 234.1 

5 518.5 

6 742.9 
6 692.'' 



63.7 
53.9 
43.4 
34.6 
25.8 



Source: Mexican Ministry of Industry and Commerce, V-IX 
General Population Censi. 

This fact is dramatically pointed out in graphic form 
in Fig. 1 . 




Fig. 1. Illiteracy in M6xico (1930-1970). 
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This problem is general in developing countries all 
over the world and there appears to be no solution for the 
near future. , , 
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This sets up before us» science and technology educators, 
a clear cut dilsna: should we wait until these hundred of 
millions of illiterate adults become literate to start our 
educational job or is it part of our present duty to design 
and try-out adequate educational strategif^s to make science 
and technology education available to them now? 



Science and technology is a need for illiterates too * 

Whenever we talk about the teaching of science and techno- 
logy» we tacitly imply that we are referring to a school 
environment* The same reasoning perhaps plays a role in 
the fact that, whenever we discuss educational contents, 
we refer, in one way or another, to topics and issues to be 
taugh inside the school, considered both as an institution 
and as a building. If we consider, as an example, the 
three main curricular movements that have ocurred during 
the last 40 years in science education (Guti^rrez-Vfizquez, 
1984), that is, science as investigation, integrated 
science, and science interacting with society, we have to 
accept that all th&se conception? refer to the needs, real 
or supposed, of scholastic subjects, be these students or 
teachers* 

Buth it happens that illitearate youngsters and adults 
have a great need of scientific and technological knowledge 
and sills, which only at first sight are unrelated to 
s:hool curricula. Their need is a real one, as such know- 
ledge and skills are badly needed by them to be used in 
their every day work, to enhance the efficiency of what 
they actually do, to improve the quality of their life, and 
even in some cases to merely survive. 

As illiteracy is proportionally much more pervasive in 
rural than in urban areas, and as the situation I am more 
familiar with is the one of my own country, in this paper 
I present, as examples, brief accounts of two projects 
embarked upon with the intention of imparting biological 
education to illiterate Mexican peasants. 

Before talking about the projects, I should point out 
liiRt Mexican society is a strongly stratified one. The 
peasants constitute' the base of tne soclsl pyrsside; this 
sector lives in acute marginality and dependence. Even if 
the government tries to implement some modernizing program- 
mes, the lack of comprehensive or even isolated but impor- 
tant strategies promoting endogenous development of 
peasants is obvious. In theory, the government sjipports 
the global development of peasants and their coismunities, 
but in practice the presence of the overwhelmingly vicious 
power structure of the governmental aftparatus and the 
bureaucratic approach and handling of the problems inter- 
feres with and even impedes the autonomous development of 
peasants as a sector of society. The official system of 
education is an instrumoiU contributing to the maintenance 
and legitimiasation of the situation as i* is; there are 
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soae «lternttivr projects on the line of liberation (or 
non-«lieniting) education, promoted by some Dopular organi- 
zations and progressive educators, but their' impact is 
small apart from their demonstration effect. 



Consul tores del Campo Project . 

This project started on June, 1977, as a typical action of 
agricultural extension, when a group of peasants experiment- 
ed with a technique for the control of the gopher in 
cornfields, under the guidance of a group of more experienc- 
ed farmers. In this area of the country (Pfitzcuaro, in the 
State of Michoacin), this rodent was destroying around 301 
of the crop. In controlling the gopher, the peasants 
realized. that they were able to prepare themselves for 
other more ambitious tasks directly related to their work 
in the fields. 

Since then, the basic strategies of the project have 
been the same: peasants train and educate other peasants 
("they are like us" said a peasant while learning how to 
control the gopher, "thoy come from here, they liv^ and 
work here, and they have the same problems we have"); the 
teaching learning process occurs in the context of the 
training action, i.e., through the cooperative work in the 
plot of the one who teaches with the one who learns, and 
having always before them the evidence of the results 
obtained ("they are peasants that convince other Deople not 
just with words, but with facts" said another peasant that 
is benefiting from the project). 

ThJ project is not restricted to the optimization of the 
productive practices carried out by the pear.ants of the 
area considered. It aims also to contribute to the more 
general process of social change and global development of 
the peasants, including modifications in attitudes and 
values and other educational changes encompassing a diversi- 
ty of practices and behaviours prevalent among peasants and 
the communities to which they belong. 

Nowadays the project has four "coordinators" and 12 
"technicians", these being peasants that have not abandoned 
their work as such, but dedicate part of their time and 
^ffoTt to *^r^"£r^ t h^sssl £ snd-^r^^ar^-oth^r SEnts 
that benefit from the project. Out of the 12 "tecni" ians", 
nine never finished elementary education; as a mattei of 
fact, three of them never went to school and were illiterate 
when they initiated their training as "technicians" under 
the guidance of the "coordinators". 

Hundreds of families and thousands of peasant from more 
than 30 communities have benefited from the project. The 
training has not been always "vertical" ("coordinators" 
training "technicians" training peasants) , as many instances 
of "horizontal" training have ocurred (trained peasants 
training other peasants without any intervention of the 
"technician"). Among the peasants benefiting from the 
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project, more than 40t trs illiterate. Illiteracy has not 
been a constraint for the trainees precisely because the 
project considered its prevalence fi.<d as a consecquence 
developed the strategy of teaching through labour practices 
and using only oral and non-verbal communication • 

As can be seen, the training process is given in two 
levels: the joint training of the "coordinators" and the 
"technicians" on one hand, and th training of the peasants 
themselves on the other. The fomer is carried out perma- 
nently and continuously through every day working interac- 
tions as well as during meetings held every Saturday; the 
latter is accomplished through talXs, denonstractions and 
advisory work in the plots of the "technicians" as well as 
in the plots of the peasants thenselves. 

By now the project comprises almost 20 different program- 
mes, among them the control of the gopher, plague control 
in bean and corn crops, trimming and grafting of fruit 
trees, control of country rat, control of plagues in the 
soil, fertiliiation of the soil for the cultivation of 
grain crops, apiculture, weed control, horticulture, intro- 
duction of new crops into the area, preservations of fruits, 
silage of forage, control of the house rat and many others. 
All programmes are showing encouraging results, and effects 
have been dramatical in some cases. As an example, it 
could be mentioned that the cultivation of beans was almost 
completely abandoned in the area before the project began 
due to pests; nowadays, ^he Pfiticuaro region has regained 
recognition as one of the main bean crop areas of the State. 

The main accomplishments of the proyect have been 
obviously attained in the learning and implementation of 
biological (basically agricultural) technologies. Never- 
theless, "technicians", peasants and their families have 
also learned, acquired knowledge and developed skills anu 
attitudes in more basic and funda;scni£l topics related to 
soil composition ^nd quality; clfissif ication of soils; soil 
microbiology; composition and mechanisms of action of 
funfciicides and weed-killers; behaviour of the gopher, field 
rat and other rodents; plant physiology; experimental 
design; process analysis; analysis of information attained 
through experimentation; end so on. Learning acquired by 
the peasants participating in the project has also had an 
impact on economic, organizational, social, political, cul- 
tural and more general educational aspects* Readers inter- 
cSicu In wOrc ample IrtrornailOn On CwnSultOrcS uCl CsspO 
project should be referred to the book by Pic6n Fspinoia 
(198S). 



Centro d^ Estudios Sociales y Ecol6gicos project . 

This project was started by a group of adult educati./.*. 
profesi;ionals (sociologists, economists, psycologists, 
educators) in an effort to describe and analyze the struc- 
tures and processes of social organization, as well as 
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those of production and cojwjercialization, as they occur 
in the rural coaununities of the Lake of P5tzcuaro basin. 
Their aain purpose is to iiefine adult education guiie 
lines, strategies and actions consistent ,,ith t*»e x^^-jai 
needs of the comjnunities themselves. To do «1J "V..^, the 
project postulates the necessity of carryir th;* 
activities based on the participation ox' ' *,es 
involved in the study. 

For the communities chosen by tF* projecr^ ^h^^ ic^kc 1^ 
the aain factor determining the natural resouri.es. encompass- 
ed by the ecosystem. The dwellers lives depend fishing. 
But as a result cf •*modernizat7,or."» certain cHnologies 
have been introduced into the area thut are drterior/iting 
the ecosystem: the villages cf the shore ara?*n theiv^ vastes 
into the.l%kc, polluting the water both bi;t5jogicaiiy s:nd 
chemically; a fish flour mill throws away j'^ts residues 
provoking chemical and thermal contamination; the irrational 
exploitation of the woods all around the lake is causing 
the deforestation of the basin » so the heayy summer rains 
erode and carry all the forest soil to the Xake, silting it 
so badly that this ratural reservoir is now seriously 
threatened and could eventually disappear* The fishermen, 
among others, are affected by all this as the product of 
their work has decreased dramatically both in quantity and 
in quality, reducing their income, causing a deterioration 
in the quality of their life, provoking underemployment, 
making them look for other sources of income and even 
compelling them to temporary or definitive migration. 

The fistiermen of the basin communities have shown deep 
interest ir the ecologic 1 problems of the area at least in 
two ways: '^hey are fighting against the pollution of the 
lake, on one hand, and preventing and controlling soil 
erosion in the basin, on the other. This interest is shar- 
ed by agricultural communities of the ^rea, as their acti- 
vities are also affected. All this hr;s allowed both 
fishermen and peasants to confirm the idea they already had 
on the integrated way in which ecosystems functi t, accord- 
ing to which a change in the parts provoke changes in the 
whole system* The preocupation about the ecological 
problems of the basin has been a cohesive factcT, bringing 
together human groups with a variety of economic activities, 
stages of development and degree of assinila«:ion to the 
social structures of the region and/or v.he country. 

It is not possible here to describe all the actions 
carried out by the project in the social organization of 
the basin communities to defend their natural resources and 
fight against environmental deterioration. More information 
on this can be found in the paper by Arran(^oiz, Esteva and 
de Schutter In referring to their educational and 

training r.cti rities, they are always organized and carried 
out at the request of the communities, the starting point 
being a ,oncrete practical problem; in the course of the \ 
^educational process, the activities have provided the 
communities with the opportunity of analyzing the f^cts and 
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the project staff p?l?r?L «ae of'«n"f/- ^" edition, 

fishermen and peasants and its ^^^h^vc^'^''""?"^ 8""P f*"" 

be"^'fo?»'ed'to'fLht"of e^^JTrf' organization*has 
to rignt for environmental improvement. 

hav?La?f:^ir?L^?o^L'ejn1^p^S^\"?L?^ ^^'^ 

the promotion of commiin,'tv^ organizatirn and its context, 
i»plementai?Sv and^aJSation'o"'^^""' Pl«""ing. 
mass media, bookkeepine and c f?^r?^'>°*' ^° f-^ 

Suggestions and per spectives . 

(hot\il til t • participation of the trained professional 
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projectt there are two actions potentially useful: one on 
fanily planning (originated by the Ministry of Public 
Health) and the other on the preservation of forest soil 
(originated by the Ministry of Agriculture), Both are now 
alnost coapletely in the hands of the coajp-inity (except fo^ 
the federal funding and technical advice), and present the - 
selves as a good opportunity for the design and ijaplenenta- 
tion of two new biological education programmes for illite- 
rate adults. 

In a future net i.ig we shall present the results of 
these prograniaes. 
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The pre -university educational system in Mexicc comprises 
one to three years of pre-school (ages 4-5), six years of 
elementary (ages 7-12), three years of secondary (ages 13- 
15) and three years of preparatory (ages 16-18) education. 
Access to the higher education system (universities and 
technological institutes) is granted to tu'Jents wixh high 
marks; those with low marks present an entrance examina- 
tion. Out of every 100 children starting elementary educa- 
tion, just around five enter a higher educati-^n institu- 
tion; this is mainly due to socio-economic reasons. There 
arc many options in vocational instituti^^ts of different 
levels not leading necessarily to higher levels of educa- 
tion. The National Institute for Adult Education is a huge 
organization planned and budgeted to provide out of school 
literacy courses, basic education and training for the 
adult popultation of the country. Its accomplishements are 
still difficult to assess. 

This paper does not fit in any particular level of the 
educational system of my country. It is more related to 
the extension activities of the Ministry of Agriculture. 

I was born in 1928; graduated in 1954 from the National 
Polytechnic Institute of MSxico, with a major in adciobiology 
and minor in biochemistry. Started as a laboratory 
instructor in 1950. I hud full professorship status from 
1961 on. I was deputy dean and lean of the Faculty of 
Biology of the same Institute (1961-1969), head of the 
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Department for Educational Research in the Centre for 
Advanced Studies (1972-1981), director of a project in 
rural science and technology education (1983-1986) • My 
present cppointment is as special lecturer. School of 
Education, University of Bristol, U.K. 1 have 25 books, 
5ix c^apters and part-books and 34 papers published; SO 
papers presented in meetings; and 45 TV science programmes 
writr.cn. 
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AN ANALYSIS OF THE IHPACT OF TECHNOLOGICAL INNOVATION ON 
INDIGENOUS SCIENCE-BASED BELIEFS AND PRACTICES 



Ester B. Ogena ( Science Prarotion Institute, Philippines ) 



I »#ish to start by mentioning that the agency in my country which 
I am connected with is currently undertaking a project entitled 
"Beliefs and Practices of Philippine Communities and Its Implications 
to Science Edication.** The project Is expacted to come up with a 
listing of Philippine beliefs and practia.'S with scientific explanations. 
Hopefully, learning materials on these ma./te developed so that Students 
at all levels of the educational system could explain why some beliefs 
and practices do actually work* This may even assist in advancing 
technological development in identified rurnl areas of th- country 
where people practice their beliefs quite strongly, 
ft 

My paper therefore is related to this but focuses on the analysis 
of the impact of technological innovation on indigenous science-based 
beliefs and practices. I have limited my study for xhis conference 
on beliefs and practices classified in the area of fishing. 

Beliefs and practices refer to repeated/customary action and 
acceptance of, or assent to something offered as time, with or without 
certainty. Technological Innovations, on the other hand, are 
applications of science which come in the form of equipment, methods 
and production, invention and diffusion of new types of technology and 
(trfianlzatlon which are better suited to local conditions. 

From available literature on studfes conducted In the Philippines 
regarding beliefs and practices In some areas of concern (fishing, 
farming, child bearing, et. al.), and data from our on-going study, 
I was able to Identify beforehand a set of beliefs and pr.'ia'.ices in 
fishing per geographical region in the country. I had al'.'o a chance 
to visit a typical fishing village In the province of Antique^ Philip- 
pines, where technological Innovation in fishing was successfully 
inplemented. The study made use of the case study method. 



The Fishing Village 

hdabon, Tibiao, Antique if a typical fishing village becaus. the 
area is surrounded by big bodies of water and majority of the residents 
are involved in *<shing activitks. Fishermen are either full-time or 
part-time. Fart-time fishermen ^re mostly farmers, teachers and local 
government employees. The schools available in the a^ a are elementary, 
secondd^*y and tertiary level schools. The secondary scfiOols offer tne 
regular academic program and a vocational program for fishing. A 
government school of fisheries (tertiary level] offers undergraduate 
degree pr^^raros which include BS Ficheries with majors in Preservation 
(Processi..g), Culture (Inland) and Marine (Fish Capture). 



B eliefs and Practices in Fishing 

The beliefs and practices gathered v^'ere classified along a 
continuum ranging from the most superstitious to the most scientific. 

A framework for categorizing "bi-modir beliefs and practices 
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(those which vould be classified under two or more categories advanced) 
was conceived on the basis o^ cause and effects* An example would be, 
"when the moon Is full. It Is best to Ci^tch fish". Under the scheme, 
this belief could be classified both under "earth phenomenon" and 
"fishery". When this happens, categorization wo.,ld be mainly based 
on effect. This is so because a person's motivation for holding onto 
a belief rests mainly on the expected effects or consequences that 
such belief or practice would have on .its well-being. 

Some of'the beliefs and practices In fishing actually followed 
by the people of Artlque are classified as ^.hose with and withOL 
scientific explanation. These are: 



With Scientific Explanation 

!• Fishing done during the la&t 
quarteV of the moon would 
Insure a good catch. 

2. Bundles of dried leaves are 
distributed along the river 
bank to facilitate continuous 
lighting. This is oesigned 
along the direction of the 
fishing search. 

3. When there are big waves 
(not typhoon) in the ocean/ 
sea, there will be plenty of 
fish to catch. 

4. When there are supposed to be 
plenty of fish and you cannot 
catch fish, throw a coin in 
the sea. You have to tell 
the big body of water that 
you would like.to buy fish 
from it. 

5. Where <*:here are small fishes, 
there arc big fishes. 

6. Night fishing is favorable 
than day fishing. 



Without Scientific Explanation 

1. Wavi.ig ladle to a fisherman 
going to fish is a sign of a 
very poor catch. 

I. If the fishing net is new, 
spread it on the ground, place 
food on it and invite people 
to eat. If there are many 
people who will partake of 
the food» the net will be Me 
to catch plenty of fish all 
the time. 

3. On good Friday, the fishermen 
should go to church at exactly 
12:00 o'clock to get a thread 
of the cord of Jesus Christ 

as this would Insure bountifui 
catch every time one fishes. 

4. Meeting a pregnant woman when 
going to fish signifies a oood 
catch. 

5. When the clouds in the sky are 
scattered like the scales of 
the fith, it is time to go 
out and catch fish as you will 
be able l:o catch plenty. 

6. When going o catch ^ish and 
someone waves his haiiu as a sign 
to go home, do not proceed, as 
you will not catch a single 
fish. 

7. By using a new fish trap, one 
half of the catch must be 
thrown back to the river to 
Insure bountiful catch 
every time you use that trap. 
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With Scienti fic Explanation Without Scientific Explanation 

8. Yo ensure a big catch In 
fishing^ one should take 
along eggs to be offered to 
the spirits. or throw these 
Into the river or sea* 

Technological Innovation Introduced 

The Japanese technology (Otoshani), a new concept to the village 
for catching fls^was Introduced about two years ago. The idea was 
sold to coBBijnlty (barangay) leaders and nembers and authorities in 
the school of fisheries* This technology introduced a cooperative 
project cojnposed of connunlty members in which an association was 
formed. A project coordinator from the governaent was assigned to 
assist the group. The cooperative got a loan of MOO thousand pesos- 
{about US$15 thousanc) from a government financial institution which 
they used to buy the latest equipcient for catching fish. As incentives, 
the members of the organization were given free fish and paid daily 
while th2 bulk of the daily income were deposited in a b^nk to pay for 
the loan. After the loan would have been paid, it is expected that 
the members wuld already own the assets and income of the project. 

Workshop- and follcw-up meetings with members were conducted by 
project supervisors assigned by the government to provide them a 
working knowledge of the scientific equipment they use and ensure a 
smooth implementation of th« livelihood project. Special sessions and 
activities Vferc likewise sponsored by the school of fisheries and 
provincial and national government agencies invoived in development 
programs. Likewise, the media contributed its pert by providing air 
time for fishermen to learn through radio. 



Contribution to the Community 

The projecl has very much improved the lives of the people In the 
community assuring them of dally Income and food. Since the seed 
money used is not a dole out from the government. It has encouraged 
the community to be industrious. The members are also provided the 
opportunity tv learn science and technology as they apply to their 
work activities through the different workshops and sessions arranged 
for them. A close working relationship was likewise developed between 
fishing experts of the school of fisheries and the paii;icipating member;.. 



Impact of Technological Innovation on Science Based Beliefs and 
Practices " 

The result of the successful implementation of the project in 
Antique makes one ask if science and technology takes precedence over 
the people's beliefs and practices in fishing. From a random sample of 
30 out of f5 respondents , it was found out that the people who have 
implemented the project on technological innovation in fishing, even if 
it was successful have religiously cbserved their beliefs and 
practices. It was also founi out that the fishermen recognize the 
importance of technology in increasing their productivity but would 



si 



72 



rather continue practicing their beliefs because 1) there is nothing 
to Icse if thev are observed (65%), and 2) they have been proven by 
experience (3S%). For practical reascjis however, all of them follow 
technical instructions in the project because they know that they have 
scientific explanations* It is noted that lOW of respondents 
interviewed stressed the importance of making sure that the fishermen 
follow the instructions to the letter for project implementr.tion. 
This could be attributed to the .encouraging increase in tb2 daily catch 
and income of the organization* 

About 80% of the fishermen said they learned that certain beliefs 
and practices have scientific explanations from the continuing dialogue, 
meeti'' and workshops conducted by various government organizations, 
incluuing the media and local school of fisherie.^^ While the full- 
time fishennen are not quite eager to know if there are scientific 
explanations in their traditional fishing practices, the part-time 
ffshermen who are more educated (Having gone to secondary and tertiary 
schools) hdve more interest in finding out scientific explanations 
regarding certain beliefs and practices in fishinp,. 

Opinion leaders (barangay captains and faculty of the local school 
of fisheries) are regarded as authorities in th'j community and could 
therefore influents ihe thinking of the fishermen. 

In addition to the interview conducted, a semantic-differential 
questionnaire was provided which reveals that the respondents see 
science and technology as more positive than belifci-s and practices* the former is 
considered as better, more active, and more potent than the latter. 
With this, it is inferred that the fishennen are aware of the advantages 
of science and technology and the limitations of beliefs and practices 
(please spe diagram below): 

TABLE I 



GoodQ □ B.CLO □ □ 
Irrelevant □ □ CSlQj£3:^3*E] 

Objective GikECCTH O □ Q 

Hard □ Q^Se] □ □ 
Active C3r;En2;]g] □ □ □ 



Bad 

Relevant 
Biased 
Easy 

Passive 

Dynamic C^^E!^;I^'ffi□ □ □ Static 
Rigid tZl □ d'^^i □ □ Flexible 
Open □ r^.tn r^Tn □ □ closed 

""•^ a □ □ oErt^izi st'^"9 



Evaluation 



Activity 



Potency 



Legend!: 



^. Beliefs and practices 
Science and Technology 
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It is Interesting to note that a lot of studies were conducted to 
deteriDine how beliefs aN practices affect the implementation of 
technological innovatic. in the conmunity. The data at hand is the 
reverse of this. We hava for our p^rt determined If technological 
Innovations on the one hand affect the way people observe their beliefs 
and practices in a particular livelihooU activity in the couinunity, on 
the other hand. While it was manifested in the survey conducted that 
Irrespective of educational attainment and position in the community, 
the organization members have followed the technical instructions of 
the project and observed their beliefs and practices in fishing, the 
following observations are made: 

1. The higher the educa^.ional attainment, the better is the 
chance for the people to expU^n that certain beliefs and 
practices have scientific basis. 

2. The role of opinion leaders and experts/authorities in 
f ;hing in the community could be enhanced to play a 
major role in educating the oi-ganization member:. 

3. Regular meetings dialogue,., workshops, radio programs and 
other types of cownunications provide awareness and 
opportunity for people to learn. 



From this experience therefore, it could be said that community 
livelihood projects are good venues to package educational programs. 
It is the saturation of a community with scientific and technological 
inputs that makes it developed. In the long rx^, when people practice 
scientific principles in coninunity work activities which make it 
productive, would people put less value on observing their local 
beliefs and practices. 



Implications to Science Education 

The results have a number of implications to the way education is 
delivered to the community. Considering that some beliefs and practices 
are primitive in nature such that they are learned by direct encounter 
with the object of belief and ar) reinforced by social concensus, it 
is therefore important that science educatiOi, be made relevant by 
providing opportunities for people to learn scientific explanations 
to things which they experience or do in the community. Structured 
or non-structured learning experiences could be made available, whether 
school or community based,with linkages and cooperation from local 
government agencies and other institutions with development programs. 
Since a large number of school drop-outs join the labor force annually, 
it is proper to provide continuing education in science related to 
conmunity activities. Learning materials which provide scientific 
bases for local beliefs and practices as they relate to conmunity 
activities should be available in schools. The Importance of educating 
students 'on the relationship of science, technology and society while 
in school is stressed Inasmuch as it is where education is made more 
easy for student consumpi.fon. 
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Science and technology are developing fast and society pust be 
scientifically literate enough to adopt or reject certain 
technological Innovations introduced to It, People have to be 
educated in the correct way because their beliefs and practices could 
be barriers to society*s development. 



KSTA-Science Prf.motion Institute Project No. 8601, "Beliefs and 
Practices In Philippine Conmunltles and Its Implications 
to Science Education**, A partial report. August, 1985. 

Rogers, Everett H. Dj ffusslon of Innovations. New York: 
The Free Press. lyTTI 

Sogiarto, Lourdes G., Project Director. 'Technical Evaluation of 
Beliefs and Practices in Philippine Commgnities", NSTA-SPI Sub- 
project. A partial report, August, 1986. 
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The Pre-'Unlverslty Educational System In the Philippines 

The formal education in the Philippines consists of elementary 
education (6 years) and secodnary education (4 years). The first level 
of formal education (elementary level) is compulsory. The average age 
for a person to start elerrentary education is seven while 13 for 
secondary education. A student who n»-aduates from elementary and 
secondary level is given a diploma at ,he end of a six-year and a four- 
year program. In a year's time, quarterly assessments are done to 
determine *f a person coula move from one stage to another. 

For student to enter the University, the Naticnal College 
Entrance Examination (NCEE) is provided by the Ministry of Education, 
Culture and Sports (KECS) while universities concerned give entrance 
examinations. 
« 

The OECS in collaboration with other government institutions 
Implement non-formal and informal education programs wilh priority to 
ouic-of- chool youth (school drop-outs) and other clientile in regional 
communities. 



Where the Paper Fits in the Iducational System 

The paper would be fitted either in elementary or secodnary level, 
considering that a big number of school drop outs occur at both levelr. 
in the rural areas. Since young school -drop cjts become part of the 
labor group in certain sectors of the econon\y, it is the role of schools 
to provide a sound and strong science education at the first two levels 
of the educational system which could provide the foundation for relating 
knowledge gained to the communities* work a, tivities. A scientific 
literate community will have the capability to accept or reject certain 
technologies which are good o^- harn.ful to improving the people's quality 
of life. 



Autobiographical Note 

I am presently employed at the National Science and Technology 
Authority-Science Promotion Institute of the Philippines. I hold the 
position of Ch^ef Science Research Speclalitt and Chief, Science 
Education and Manpower Resource Development Division. I have worked 
with NSTA-SPI for six years now and heve been involved in studies and 
government development prograir«s related to science education, teacher 
training, institutional development, and scientific and technological 
manpower development. I have conducted several studies and prepared 
several papers relating to my official involvement at NSTA-SpI. I have 
contributed articles to the University of the Philippines Educational 
Quarterly in 1978-79 and co-authored an article for the RECSAM journal 
in February 1987. 

I holi the degree of Master of Arts In Teaching Mathematics (1978) 
a* .the University of the Philippines and I'm currently pursuing a PhD 
degree on educational measurement and evaluation at the same university. 
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SCIENCE AND TECHNOLOGY IN THE THIRD WORLD COUNTRIES: 
PRIORITIES AND POSSIBILITIES 

Dr. O.K. Sood (Regional College of Education, Ajmer, India) 
1 Introduction. 

Science, technology and education have been given priority by all the 
Third World Counti es to bring in economic and social transformation. 
In other words, the use of •icience and technology will provide rapid 
industrialization and economic growth to meet the needs of the people. 
Simultaneously, the renewal process of education has been initiated to 
prepare a base for socio-economic transformation. The purpose is not 
only in the pursuit of knowledge but to build quality in life. 

In th'' countries where it has been recognized that science 9'<J technol- 
ogy are essential for national development, have also realized *hat 
science education in turn is crucial to science and technology develop- 
ment. 

It is true that the history, problems and developnxmt thrusts of a coun- 
try greatly influence science teaching in schools but the availability 
of indigenous materials easily relate science education to students' 
culture and environment. It is of specific significance because it helps 
in deepening the cultural roots of the pupils. Similarly, it is also 
true that how rapidly and to what extent people understand the connec- 
tion between technological growth and scientific literacy. Such under- 
standing helps in building the new value system without uprooting the 
old one. ThCr*efore, the creative and beautiful aspects of science must 
of course be taujht, and the uncontrolled consequences of science should 
also be taught too\ with a Jtope to understand the limitations of sci- 
ence and technological growth. Consequently, the most pertinent ques- 
tion is: How far science and technological growth, along with educa- 
tion has become an integral part of socio-c <tural milieu in the Third 
Wcrld countries? The answer is somewhat disturbing. One of the disturb- 
ing factors in these countries is that **wh11e science and technology 
have registered Impressive achievement, astonishing feats, the social 



order is dragging and *here Is total absence of fit between what sci- 
ence and technology have performed ftnd promised and what we have been 
able to do by way of human engineering in respect of inculcation of 
the scientific temper, the new value system that is emerging."^ This 
is the context in which we have to review the progress of science, 
technology and education ir the Third World countries. A brief review 
of the contemporary situation in these countries shall be helpful in 
preparing a plan-of -action. 

Z A Profile of the Third World Countries 

The Third World countries have accepted science and technology for eco- 
nomic growth and social transformation. In other words, thes*; countries 
have taken science and technology in Its old guise, as a saviour to 
overcome a sick econorT\y and to generate rapid national development. 
This approach was given to side effects of pollution, depletion of 
natural resources and Industrial hazards. The tragic gas leak, the 
methyl <:ocyanate catastrophe, at Bhopal In December 1984 offers a 
parable of "industrial life, where more than 2500 people were killed 
In one of the worst industrial disasters. 

Secondly, the Third World countries nave accorded high priority to sci- 
ence education at all levels. "Science for All" has been accepted as 
one of the educational objectives ^nd Is aimed at covering the entire 
population, whether in school or out of school. ^"^ 

Another few.ufe in these countries Is a distinct line between urban, 
affluent, elitist groups and the rural, traditional, illiterate masses. 
Incidentally, both of these groups have failed to imbibe the ethos of 
science and the latter Is missing even basic scientific and technologi- 
cal knowledge. 

The Third World countries are socially and economically suffering from 
overpopulation, shrinking resources, the twilight of "the petroleum 
civilization", rapid urbaniz-^tion and massive unemployment.^ In addi- 
tion to these factors, the majority of the people lack functional li- 
teracy, cherish traditionalism, are superstitioi and lead a life of 
deprivation and Ignorance. 
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These situations have been summarized by Capra while stating that we 
are In a state of profound, worldwide crisis, which Is complex and mul- 
tidlnienslonal, touching all facets of life. The crisis Is related to 
nuulear weapons, overpopulation, air and water pollution, rampant In- 
flation, decline of fossil fuels, and the erosion of cultural values. 
These observations reflect the true Image of the Third World countries 
too. 

These are serious educational questions and need deep reflection to re- 
organize our approach, to Initiate committed action, to avoid side ef- 
fects from the use of science and technology for developawnt. Frankly 
speaking, dual reality exists In these countries which are closely In- 
terdependent. The developmental use of science and technology needs 
decision and support from the scientifically literate nation. This does 
not exist. A paradoxical situation will clarify the point. India has 
the third largest scientific and technological trained manpower In the 
world and yet sixty percent of the p^pulat1on Is Illiterate. A social 
dilemma Is: super corputers are being Installed In the towns while the 
basic facilities for hygienic living are not available In t..if rural 
areas. Therefore, a multl pronged approach Is needed to eva^e paradoxi- 
cal situations and to eliminate existing dilemmas. 

3 An Action Plan: Priorities and Possibilities 

Host of the school science curricula in the Third World countries is 
discipline centered. In some countries integrated courses have been in- 
trocfuced. In some countries environmental studies have been taken as 
the science program for elementary classes. But these courses focus 

0 

mainly on academic preparation , concentrating on science as a subject. 
These courses are textbook centered, teacher oriented and inward look- 
ing. Such courses are conceived so narrowly that pupils fail to extra- 
polate the relation of science with society and its ethical, moral 
values are not made public. Thus, these courses prepare a suitable base 
for getting technical education but fail to develop much needed public 
understanding of science and technology, which leads to a dichtomy: the 
highly technical trained manpower and the scientifically Ignorant mas- 
ses. This situation demands certain changes in priority bases. Some of 
these are a< ^/oUows: 
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1. The first priority is to present a holistic view of science. 
This means, science is to be presented as a multidimensional 
activity. Ziman^^ 'as very aptly said that •*to characterize 
science fully, we must describe it in all ist aspects - socio- 
logical, psychological and philosophicar. Science is such a 
complex human activity, so much a part of our civilization, so 
rapidly changing in form and content that it cannot be Judged 
in a few simple sentences, f'erhaps, a holistic view of science 

will erase its fragmented materialistic, antihuman force, a 

12 

Frankenstein monster out of control. 

2. There is an ^.''gent need to review the currt approach to sci- 
ence and techni/iogy education which is theoretical, rule bound, 
impersonal activity without social and ethical content. The 
central need for change comes from the Cv unt movement Science 
for All , which is to be replaced by Balanced Science for All. 
The changes have specific consequences for the objectives of 
science teaching, science curriculum, teach ng strategies :nd 
the teacher education programs. This approach has been advo- 
cated by the Association for Science Education (1979, 1981); 
the Department of Education and Science (1982), the Royal Soci* 
ety (1982), and the Second Science Review (1983). Sim)-arly, 
Professor Rais Ahmed (1985) has arguec* to develop courses related 
to science and society, science and National Deolop^nt, sci- 
ence and culture, and scier.ce related to human development.^^ 

3. Conceptual Structure vf Science : The conceptual structure of 
science presents the knowledge of f:ience and can be organized 
under selected conceptual schemes. This will give a theoretical 
perspective to scientific knowledge which includes all aspects, 
i.e. the economic, the social and the technological aspect. 

4. Philosophical and epistemological aspects of science : It is 
evident that the nature of science is different from the nature 
of other disciplines. Therefore, the methods of science should 
be used in the classroom to lay emphasis on the processes of 
science. This will be helpful in understanding how new concepts 
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in science grow and how scientists work in the laboratory or 
14 

outside the laboratory/ Similarly, the epistemological view 
will present the nature of scientific knowledge. 

5. Ethical, moral and social aspects of science : Science and tech- 
nology are related to roost of the ethical, nraral and social is- 
sues in contemporary society. The fear of nuclear weapons, 

the pollution of water anC environment, the misuse of natural 
resources and the ethical issues related to abortion, nuclear 
war, acid rain, nutrition, bio-engineering, and bio-energy are 
some of the isrues which should be discussed with the students. 
Such courses have meaning for interpreting problems and issues 
not only for today but also for tomorrow. The Bhopal gas cata- 
strophe and Cbemobyl nuclear plant disaster in the Soviet Union 
have created "a new generation of the living dead"- Dr. Sidney 
Alexander, of Newton, Massachusetts, has said the Chernobyl 
radiation victims "literally have a time bomb ticking within"^^ 
Kurd contends that such courses will help students to lead more 
meaningful, satisfying and responsible lives. 

6. Values of science : Science is to be presented as an activity 
which is rooted in human value . An informed citizenry familiar 
with the values of science will be helpful in acquir'ig decision 
making abilities. The public and students should understand that 
values can and do influence the process of scientific research 
and its technological applications. Values such as objectivity, 
rationality and a questioning attitude will be helpful in build- 
ing a scientifically literate, rational human being. 

7. Use of non-formal methods : There are uany, voluntary organiza- 
tions, such as Kerala People's Science Movement, Hoshangabad 
Science Teaching program had been in operation to popularize 
science and technology in India. These non-formal alternative 
science education programs have focused attention on issue based 
science and have played a role in supporting the formal system. 
Such organizations feel that the "aim of science education is 

to impart ability to acquire problem solving skills or all l:1nds, 
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utilitarian or abstract." Similarly, the use of tslevision, 
radio and films should be used to prepare informed citizens. 

4 Possibilities in the Third World Countries 

The process of changing the conventio.ial course of science and technology 
education In the Third World Countries requires three steps: recognizing 
the .leed to change; establishing a clear direction and purpose; and de- 
veloping required programs, policies and approaches. 

Currently there are three concurrent, complementary and overlapping 
thrusts in school science in developing countries: technology education, 
issue based education and environmental education. 

It is essential to use science and technology for industrial growth of 

a nation but equally important is a scientifically literate nation to 

support the use of science and technology. Schools and the non-formal 

agencies can provide definite educational experiences which teach young 

people a viable scientific value system. But there is an urgent need to 

provide needed material resources in the forn of equipment, teaching aids, 

trained science teachers, relevant curricular materials and systematic 

development of science education centers. In India, the National Policy 

on Education (1986) and the National In-Service Training of School 

18 

Teachers is a constructive and exemplary step in this direction. 
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INDIAN EDUCATION SYSTEM 

An important feature of Indian education is that a continuous and sus- 
tained effort has been made to evolve a system of education relevant to 
the life needs and aspirations of the people. In 1964 to 1966 the Report 
of the Education Commission laid down new aims of education, a new struc- 
ture of education and new approaches to teaching and learning. These re- 
comraendaticns were reflected in the National Policy on Education when it 
was formally declared in 1968. 

THE STRUCTURE OF EDUCATION 

The National Policy cn Education of May 1986 has accepted the common 
stucture of education throughout the country which is popularly known as 
10 + 2 + 3 pattern of education. The 1986 National Policy on Education 
envisages a National Sytem of Education based on the fundamental princi- 
ples embodied in the constitution of India. In the 10+2+3 pattern of 
education there are ten years of secondary education, followed by two 
years of higher seconda education and three years of education for ob- 
taining the first degree. 

Variation exists in the educational structure in respect to the first ten 
years of schools in the 24 states and the 7 Union territories. The Pri- 
mary stage consists of the first five years of school comprising I - V, 
in some states it is four years, from I - IV. Similarly, the upper pri- 
mary school is three or four years after the primary stage, i.e. V - VII 
or VIII. The primary and upper primary unit combined together constitute 
the Elementary "Stages. In most of the states classes IX and X belong to 
the Secondary Stage. 

A child is normally admitted to class I at the age of six and he is ex- 
pected to complete class V at the age of 10+, class VIII at the age of 
13+, class X at the age of 15+ and XII at the age of 17+. 

There is a core curriculum for the ten years of schooling with local and 
regional variations and the first public examination is conducted at the 
secnodary stage, i.e. after ten years of schooling. Another public exami- 
nation is after the 12th class to qualify to enter the university or a 
professional Institution. 

This paper is for ten years school ing^^where science has been taken as a 
compulsory subject of the core curricullij). 
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SCIENCE EDUCATION AND THE THIRD WORLD 

t'rik W. Thulstmp (Dept. of Chemistry, Royal Danish 
School of Educational Studies, 
Erorinipvej IIS B, DK-2400 Copenhagen NV, 
Denmark] 



Of the 5 billion inhabitants of the Earth, more than 
3«5 billions live in "less developed countries". Many 
of these, maybe most, suffer from malnutrition, disease, 
or severe poverty. 

Among the one billion malnourished or starving 
humans in the world, many are children, and millions of 
these children die every year (1). Almost one billion 
people, who suffer from tropical diseases like malaria, 
sleeping sickness, Itprosy, cholera, etc., have no hope 
of effective medical assistance. 



The distribution of wealth in the world is extreme- 
ly uneven. The almost 100 million people of Bangladesh 
have a per capita gross national product (6NP) which is 
around 1 % of that in the rich, industrialized countries, 
and more than half of the world's population must do with 
less than 5 % of the per capita 6NP of the rich countries. 
The fact that poverty is mors evenly distributed than 
wealth does not provide much comfort. 



The situation is by many, also in industrialized 
countries, considered immoral, inefficient, and a con- 
stant threat against world peace. Officially almost all 
countries agree that it must be changed, but this is no 
simple task. How much is actually done? The funds set 
aside by rich countries for development aid is at best 
around 1 % of the 6NF (in the Scandinavian countries), 
and is only a fraction of a percent in other rich coun- 
tries. The funds spent in the arms race is one or 
two orders of magnitude higher. And some rnor coun- 
tries are among the big spenders in this field. 

How can the situation be improved? Most must be 
done by ^he third world countries on their own. The 
world's population doubled between 1650 and 1850 to 
reach 1 billion. It took 70 years for'it to double 
again to 2 billions, and today we are almo;;'^ 5, many 
suffering from permanent unemployment. The population 
explosion, which continues today, is a main problem 
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which must be solved. One other important field is 
agriculture, where the efficiency in third world 
countries should be drastically improved. In many 
regions safe drinking water is not available which 
causes severe health problems for hundred of millions. 
Industry in the third world, even that based on local 
raw materials, if often weak and unable to compete 
with industry in the rich countries. Basic health 
services are often lacking or inefficient, and poor 
planning may have severe environmental effects e.g. 
for the tropical forests. 



On the bright side we find the intellectual re- 
sources among young people in third world countries. 
While many industrialized countries soon will see a 
decline in the number of people in the "producti ve*= 
age group^ schools and universities in many developing 
countries are filled with bright students, eager to 



How can this invaluable resource best be put to 
use? Obviously science and technology education is a 
key in many of the areas mentioned above (2). For fa- 
mily planning and health conditions, basic education 
may work wonders. In particular the education of 
women in these fields is important in most countries 
because of the traditional division of responsibilities. 
In fact, globally the education of women correlates bet- 
ter with the health standards than the GNP (2) does. 

Basic education in agricultural methods, food pre- 
paration and preservation, etc. seems almost equally 
important. Also the introduction of improved techniques, 
suited for rural areas, e.g. for production of safe 



Much emphasis in the educational area has been put 
on literacy. Several countries have introduced literacy 
programs which {at least initially) have been successful. 
But literacy in itself does not automatically lead to de- 
velopment. In Tanzania a highly successful literacy pro- 
gran has been without any apparent effect on the develop- 
ment, which in spite of many good intentions still is 
unsatisfactory. It may be that large-scale programs 
within "scientific and technological (s+t) literacy" as 
mentioned above might have much more effect, even in a 
society which is illiterate in the usual sense. One 
main advantage connected with the s+t literacy is that 
it can be applied in the daily life immediately, whereas 
US3 of literacy in the traditional sense requires libra- 
ries, newspapers, printing equipment, etc. (3). 



learn. 
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A large scalCf s+t literacy program is no less de- 
manding than a traditional literacy program. The neeo 
for teacher training, equipment, and other facilities 
will put great burdens on the societies which attempt 
it. But it is likely that student motivation will be 
high and that visible results will appear soon. 

Science and technology education seems equally 
important outside the basic education area. The need 
H teachers is high, and experts in agricultural 
and industrial technologies are needed both in local 
industries and in governmental institutions. Research 
cannot be neglected either an active effort in s+t 
research works in practice as an admission ticket to 
the market place for the most recent results. 

Science education in many third world countries 
suffer from the lack of funds for all kinds of techni- 
cal equipment for student experiments. This leads to 
a teaching strategy even at the secondary and tertiary 
levels which is heavily based on "blackboard exercises". 
This is particularly harmful in a society where even 
simple modern technology is not commonly used; the stu- 
dents do not aquire a practical "technological culture" 
and 00 not "become lotivated for further studies in the 
scientific and technological areas which have direct 
Importance for development. 



The poor motivation given in schools for studies of 
practical technology and the lack of technician training 
racuities in many developing countries has led to a 
widespread shortage of qualifies technicians and engi- 
neers who might have become the backbone in a technolo- 
gical development process (2). And at the universi- 
ties most students choose studies of a theoretical and 
less directly applicable nature because of social tra- 
ditions and "fear" of practical, technological problems. 

How can this situation be improved? One attempt is 
the design of s+t teaching equipment which can be pro- 
duced locally (4). If teachers and even students pro- 
duce their own equipment from low cost materials much is 
accomplished: 1) The economical problem is solved. 
2) The equipment can be repaired locally and will not, 
as expensive, imported equipment often does, become use- 
less after the first breakdown. 3) Most of all, it 
gives the teachers and students a feeling of self- 
reliance and encourages them to attack other practical 
problems instead of giving up (5). 
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together with prof, K,V, Sane at the University of Delhi 
who used low cost electronic &nd other components to pro- 
duce pH-meters, conductometers , electrodes, etc, at a frac- 
tion of the cost of commercial Instruments (4-6). The 
ideas and designs have now spread to several Asian and 
other countries. 



Another example Is that of H. Schmidt from West Ger- 
many who has organized science teacher training courses 
In a number of developing countries (?)• During these 
courses the students have produced their own complete 
kits of science education equipment for the primary and 
lower secondary levels. The kits are primarily made 
from local and low cost materials. 

In order to promote science and technology for deve- 
lopment In third world countries, cooperation with edu- 
cators and researchers In Industrialized countries Is a 
key factor. Such cooperation Is often beneficial for 
both sides. But It Is not always easy to accomplish. 
One approach Is the network model. In this, a (large) 
nunber of persons or Institutions In developing and In- 
dustrialized countries work together, exchanging Ideas, 
offers, staff , equipment, and Information, Among the 
worldwide networks In s+t education are the Internatio- 
nal Network for Chemical Education (INCE) (8), based In 
Ljubljana, Yugoslavia, and the International Network for 
Information In Science and Technology Education, orga- 
nized by Unesco In Paris (9). Highly successful net- 
works have also been established In regions, such as 
South-East Asia, where rich and developing countries 
are working towards common goals. 



The moral and practical reasons for creating de- 
velopment In third world countries are overwhelming. 
But It will present difficult challenges for the small 
rich part of the world. These countries will see 
strong competition from newly Industrialized countries 
and must for this reason Intensify their efforts in re- 
search and development which, after all, may be J^enefl- 
clal. But If the comsumptlon of natural resource* 
(energy, raw materials) In third world coun'irles should 
Increase by a factor 10 or more to a level .slmlMr to 
that In the small Industrialized part of tht world, the 
global consequences for the environment, for the supply 
of energy, minerals, etc. would be catastrophic. There- 
fore successful global development. If It could be 
achieved, would create a strong challenge within produc- 
tion technology, new materials, conservation, and envi- 
ronmental protection strategies. 
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(a) The pre-uni versity educational system In Den- 

Mark begins with primary and lower secondary edu- 
cation: forms N9 (age 6-15); a 10th form nay be 
added (age 16). Essentially all clilldren attend 
form 1-9, 

After form 9 (or 10) 30-40 X continue In the 
^jymnaslufiT for 3 years (age 16-19), For the rest, 
a wide choice of educational possibilities are 
open. The gymnasium Is by far the most common 
preparation for university studies. 

The assessment for university entrance Is 
based on grades from the gymnasium or similar 
schools, and on the age and experience of the aO' 
pi leant. 

In the Danish school system a very low frac- 
tion of the time, 5 X on the average, is spent on 
natural science (biology, chemistry, physics) 
while 17 X Is spent on mathematics. 



(b) - 



(c) Erik W. Thulstrup, Danish citizen. Graduated 

1967 from Aarhus UnlversP.y Ir, Chemistry and phy- 
sics. Received the Aarhu- University gold medal 
1969. Visiting appointments since 1968 at the 
Univ. of Florida, Univ. of Utah, Technlsche Hoch- 
schule Ddrmstadt, Univ. of Bologna, and Univ. of 
Callfornla-BerkeJey. Associate professor at Aar- 
hus University i972-81 and chairman of the Chemi- 
stry Department 1975-77. Professor of Chemistry 
at the Royal Danish School of Educational Studies 
since 1981. Member of the Danish Natural Science 
Research Council 1980-84. Chairman of the science 
committee of the Danish National Conmlsslon for 
UnescG. 

Research Interests: Polarized spectroscopy 
and chemical education. Has written two books on 
spectroscopy aid edited three on chemical educa- 
tion. Has p»;ollshed around 100 articles In Jour- 
nals or tcoKS. 
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IMPACT OF SCIENCE AND TECHNOLOGY EDUCATION ON THE HEALTH 
STATUS OF CHILDREN** 



During the laprcaaloiul school going yttrct 
Introduction or nutrition mad health «ducatJ.on and 
appropriate ttchnology In the currlcular progrtaae Is bound 
to have far-rtachln^ results in developing desirable llfe- 
tlae rood aM'health habits In children* This paper attempts 
to describe two situations Ln which science and technology 
education has been Integrated in the schoolsysten and the 
outcoaes evaluated* The two situations are: 

1 • Integrating nutrition and health education atA 
environmental sanitation in the priaarir school 
(C),as8 I«>V, Age level 5 to 10 years) and 

2» Clvlog Lile-Orlented science education as an 
oxtr^i fcurrictaitr activity tor pupils of 
Clara VIII (12-13 years) • 

!• INTEGRATE3) NUTRITION AND HEALTH EDUCATION AND ENVIRONMEWTAL 
SANITATION IN THE PRIMARY SCHOOL 

This was conducted in three ecologically different 
dlst^-lcts coastal* tribal, rural and urban s3 v% of the State 
of Tacil Nadu in India* The selected priaary school teacher/ 
were first given an orientation in the principles of nutrition 
and health sciences. T^ty in turn, lapleaented the nutrition/ 



President f Nutrition Society of India and Director 
Sri AvinachUingaji Home Science College for Voaen 
Coijibatore 641043 



Paper prepared for the Ath Intemacioaal SyaposiUM on 
World Trends it Science and Technology Education in 
Kiel, Federal Rv - .bllc Ceroany 4-12 August, 1987. 



Rajaanal P. Devadis* 
M.A.,H.Sc.,Ph.D* (OhioSute) D.Sc. (Madras) 
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h«alth oritntfd sclenct prograue in their schools » using 
th« specially prtpartd nutrition end health integrattd 
scitnct curriculuB> The iapact ot this sducmtional effort 
tas svaluattd using specific parmBietft*8 in teras of outcomes. 
The various steps involved in the project are described in 
the following pages. 

Selection of t:ie Priaarv Schools 

Pron six Coaaunity Development Blocks and two slum 
areast 660 primary schools were selected for the study. 
A Coaaunity Development Block is the unit of development in 
the Indian rural development programme. It comprises 
approximately 100 villages and 100,000 people. 

Conducting the basaline survey 

A baseline survey was conducted in 2900 households of 
children enrolled in the III and IV classes by the interview 
method, using a srrcially prepared schedule to understand the 
existing socio ec Aomic conditions, food practices, applications 
of science, and health pt«ctices« 

Development of the curriculum and instructional material 

Based on the findings of the baseline survey , the 
content and priority areas for nutrition and health sciences 
and environmental sanitation wer« identified. Sixteen 
teachers, two each from the selected Blocks and slum areas 
eight Deputy Inspectors of schools and the nutrition 
investigators -developed the curriculum and instructional 
materials and aids in a five days* workshop. The integrated 
science currictaum thus prepared for the primary school gave a 
nutrition/health/environmental sanitation thrust to be taught 
through the school subjcctss Arithmetic, Science and Social 
Studies. For example, in Arithmetic, under the broad area", 
addition and subtraction** the concepts of food requirements 
were taught in the following manner; "Your father needs every 
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day 80 gp of pulaeSf your aothtr needs 70 ga azid you nttd 
60 How auch pulaea will the entire faaily need per day?" 

Siallarlyt in aciencest under the broad ar«at "Matter 
and aateriala"t In the conceptf 'Vater la a good aolventf 
the need ^or potable water t trtataent of vatert pollution 
ot water and its preventiont vere taught^ 

Training the primary school teachera 

A tive -day's orientation prograaae was l^raulated 
Xor training the teachers who were in service In the 
selected primary schools in a phased nanner* It Included 
besides the subject aattert ways and aeeins o£ teaching the 
nutrition Integrated curriculua to the pupils. The n^ed 
tor and laportance of nutrition/health/sanitation in the 
prioary school was stressed through many methods* 

Teaching the integrated curriculum 

All the 6000 teachers of the 660 schools taught the 
scientific Concepts as part of the school subjects using 
the nutrition oriented curriculum and the instructional aids 
given* throughout the school year. Teachers utilised the 
teaching aids and aethods to which they were exposed during 
their training programme t and also made their own 
Indigenously* 

Follow up and evaluation 

Evaluation was In-bullt. The Impact of the prograaae 
was studied in teras of the knowledge of the children 
regarding nutrition* health and environmental sanitation 
and laproveaents in their health status* 

Knowledge of pupils 

A knowledge test was constructed and administered 
to 800 children studying in IVt V Class selected from the six 



ERLC 



94 



bloeks/aad two sXubs* Anothtr group 200 childrtn (100 from an 
adjoining Block t and 100 froa an urban alua) of the aaae age 
groupt under aisilar socio acononic conditionst n^o did not 
receive the nutrition oriented science educatioUf ser\'ed aa the 
control* The test vas adninistered before starting th^ 
nutrition/health education lessonsy and also aix months after 
teaching them nutrition and health* 

Health statue of the children 

The heights and weights of 520 boys and 520 girls from 
the six KLockSf and the two slums selected randomly were taken 
every month for a period of aix months by the teachers* The 
same group of 200 children in the control who did not receive 
the new educatioUf served as the control group* The difference 
between the initial and the final readings was taken for 
statistical analysis* 

Clinical examination 

The teachers aaintalned a record of the children who 
exhibited frank signs of deficiency symptoms such ast angular 
stomatitis f bleeding gumst sensitivity of the eyes to light t 
weakness and restlessness* They observed in all, AfSSO 
children in the sifi^t units* From these data the reduction in 
the number of children exhibiting symptoms of deficiencies 
was calculated* 

Findings 

Knowledge of the Pupils Regarding Hutrition/Health and Hygiene 

Vhlla the mean score at the pre^test stage waa 6*01 1 the 
■ean post test, core waa 56*949 showing a gain of 50*93 points, 
due to the imparting of integrated nutrition/health education 
(Table I)* 
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Helthtg and Vtights of Chlldrtn 

Among the boys the vti^^t gain ranged £rom 0«93 to 
1 •33 kg* in the case of the children who recoanend the 
Intigrated education as coapared to oxay 0«3^ kg registered 
by the controls. The height gain ranged from 2*99 to 3*57 
as coaas in the case if the experiaental group is coapared to 
only 2*44 coaes of the control group. Slallar trends were 
observed aaong the girls as well. The gain in weight ranged 
froB 1.11 to 1«83 kg« as coapared to 1«20 kgt aaong the contrd 
group and the height increaents ranged froa 2«89 to 3*73 cis» 
as coapared against 2«34 cm« of the control. All these 
differences vere statistically significant (Tables II & III}* 

Clinical Picture of children 

Among 4360 children* namely » 26 per cent of angular 
stoaatitis* 24 per cent in bleeding guas» 48 per cent in 
sensitivity to light and 30 per cent in general weakness. 
The reduction of deficiency symptoms # showed that the 
teachers and parents were able to take remedial measures 
after their exposure to nutrition and health educationc 

The teachers t who are involved in this programme 
showed great commitment to deal with the prt^blem of 
malnutrition by providing scientific knowledge about foods 
to the pupils and their parents* They took up relevant 
community contact progranmes* Thus "Science for All" through 
the primary school become a reality* 

II* LIFE ORIENTED SCIENCE EDUCATION AS AN EXTRA CURRICULAR 
ACTIVITY FOR PUPILS OF CLASS (GRADE ) VIII (12^13 
YEARS OLD) 

In the year 1984*^3 » the Government of Tamil Kadu 
introduced new life oriented courses to pupils of VIII class 
in the state* The main ob;}6ctives of the unique life oriented 
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tducation were tox help chUdren to participate iacrtasingly 
in aocially utelul productive work and develop the skilla, 
necessary to enter the world, as they go from, one state of 
education to another and thereby enable then to "earn whUe 
they learn" • 

The author tried out the following life-oriented 
courses in a secondary school. Nutrition gardening. Bakery 
and Food Preservation. Forty eight (A8) pupUs enroUed 
in the Vm standard of Sri AvinashUingan Hii^er Secondary 
School for Girls were involved in nutrition gardening, 71 
pupils in the bakery courses and 51 pupils in food 
preservation. 

Each pupil gave 6 hours a week for her chosen practical 
work. The pupils sold the produces and earned some picket 
money as a spin off benefit besides receiving the enriching 
science experience. The impact of this innovative provision 
was evaluated at the end of the academic year* 

The net profit throu^ the gardening project vas 
Rs. 2502.35. Under the bakery project the total f^ale of 
products amounted to Rs. 1493.50. The total expenditure was 
Rs. 793.95 with a net profit of Rs. 700.65. Thsj items 
prepared by the food preservation group such as squash, ground 
nut toffee and goose berry Jam were sold for an amount of 
Rs. 1882.35. The expenditure was Rs. 817.90 and the net gain 
was Rs. 10S9.A5. These results encouraged the pupils greatly 
and gave them enriching exptriences. Apart from the monetary 
benefit, each project had inculcated some desirable attitudes 
and values and also helped the pupils in the overall 
improvement in their studies. 

The experience have now become part of the school 

programme in Tamil Nadu. Thus Science and Technology 

education at school level enhances greatly the knowledge 
and health status of children. 
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TABUS I 

CAIN IN NUTRITION/HEALTH KNOWLEDGE OF THE PUPILS 
(Number of children: 200 per group} 



KaxlBUB scores 100 
Scores 



NuBbet" 



•t* value for 



District 


of 
Pupils" 


Initial 


Final 


Difference 


against 

control 


A Coastal 


200 


4*1049 
8*13 


59.00* 
8.24" 


54.90* 
6.00 


103.70** 


B Tribal 


200 


4.70* 
2*43 


71.00* 
12.72" 


66.30* 
11.91" 


71.87** 


Urban 
^ slua 


200 


lO^IO* 
4.76r 


64«00y^ 
11.20 


53.90* 
12.24 


55.88** 


Rural 


200 


5.10* 
5.85" 


57#40* 
10.20 


52.30* 
12.10" 


55.33** 


Control 


200 


6.05* 
2.74" 


9.10* 
1.32 


3#05* 
3.84" 





•* standard Deviation 

sign^Lficant at one per cent level 
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TABLE ZZ 
WBIOKT AND HEIGHT OF BOYS 
Nuaber studied -100 per group; duration six months 



District 




Vtlght (Kg.) 


•t* value 

> for coiBpa-* 
rison 
against 




Height (cm.) 


V vaxue 
for coapa- 
rison 
against 

control 


Initial 


Final 


Difference 




Final 


Difference 


A 


20,eo40 


22.33* 
0.64 


i.534 
0.10 


14.34** 


122.73* 
2.98"" 


126.30* 
1.40*" 


5.571. 
1*04 


4.§flT* 


B 


21.32± 
1.49 


22.70^ 
1.83"* 


1.38* 
0.63"* 


15.66** 


123.20* 
4.35"* 


126.40* 
1.11 


3.20* 
1.2/" 


3.55** 


^1 


20,24^ 
0,32 


21.14i 
1.42** 


0.90* 
0.69"* 


10.82** 


123.33* 
3.39 


126.32* 
1.12"" 


2.99* 
1.19 


3.84** 




21,10i 
0.93 


22.604 
1.20 


1.50i 
0.32 


15.73** 


123.60* 
2.55 


126.80* 
4.45"* 


3.20;t 
1.00 


4.67** 


Control 


21.90i 
0.33 


22.244 
2.23*" 


0.34* 
0.23 




126.06* 
3.56r 


128.30* 
1.90 


2.24* 
2.45"* 
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TABLE III 
WEIGHT AND HEIGHT OF THE GIRLS 







Huab€r 


studitd - 100 per groups Duration Six months 










Vtight (Kg.) 


*t* valus Hsight (cm.) 




•t* Yalut 

for compa* 
rison 
against 
control 


District 


' Initial 


Pinal 


DlXfsrenct 


arisen Initial 

against 

control 


Final Differenct 


A 


19#704 
1*82 


21.311 
1.84 


1.611 
0.51 


14.59** 119.911 
3.42 


123.641 
3.35 


3.731 

^.2'r 


6.53** 


B 


20*804 
1*70 


22.101 
1.95 


1.301 
0.53 


2.19** 121 .60^; 

3.76> 


154.531 
2.60 


2.931 
0.55 


5.96** 




19*d2l 


21.031 
1.21 


1.111 
0.63 


0.48 ns 122.904* 
3.43"" 


125.791 
3.71 


2.Q91 
1.22 


2.61** ' 




19.791 
0.95 


21.64i 
1.10 


i.85l 
1.24 


4.84** 120.691 
1.74 


123.601 
3.25 


2.911 
1.10 


2.65** 


Control 


23.701 
3.31 


24.901 
1.45 


1.201 
1.60 


129.271 
3.72 


131.611 
4.62 


2.341 
1.71 
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INFORMAL SCIENCE TEACHING AND SCIENTIFIC LITERACY 

Jan Maarschalk (Rand Afrikaans University; P.O.Box S24 
Johannesburg 2000; South Africa) 



1* iNiRonxnoN 

Infomal Science Teaching 
SeL1!^^w2n!2^J5^f« ^ "4" ^* explicated but«=ver- 

Iuci:fv"^L^'kf*^°" J* f*^"*"" t»Bt proceeds in a planned but 
minin.;^«et%^^^^^^ IKsS Sf^Sf^Sa -!;„^ir^« 

^ ^"'^ additional coachinjT^Sho^?iS if^SuifbT 

ifTf M*?'^^ ^'^^ into foiml Kimce teaching woSd be 
tfAfnir^?!"* «J"K««s«l «Pontaneous^(iSfonSl iSencT 

Infomal Kience teaching will be further explicated in paragraph 2. 

1>2 Scientific Literacy 

Ki?nSfic1i?er^'i:f?'Ki^''*=^^''' ; 1987) it was shown that 
to-T^^Ji r "*"*<=y had been an unexplicated aim for all science 

SSS'erlT ^'^l^^r:!^ ^'V^^ aJld becane an explicit aK the 
:>putnik era. The following stages in scientific literacy researeh 
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i#erc distinguished: (1) a con^^osite end saturation i uge in which 
rerearUiers like Gabel and PelU gave elabosate defiidtions and 
■ixed categories to such an extent that it could "f;.t into, or (be) 
spread ai:ross .... all tl>a aajor categories of scic*ic© education 
aims and objectives which iiave ever appeared" (Roberts, 183 : 25) ; 
(2) a very necessary stago in wjich researchers focussed on small 
manageable portions such as infojaation, science- technology-society 
and non-fomal Kience teaching. 

In Paragraph 3 initial and oDgoin^ scientific literacy research witli 
the focus on infonnal science teaching Kill be described. 

2. FURIHER EXPUCATICN OF INFORMAL SCIENCE ^^IKG 

Following is an abridgeraent of a more lengthy explication 
(Maarschalk, 1986 ; 1987} of infonnal science teaching. 

2.1 The Power of Infonnal Science Teaching 

Any experienced teacher can testify on the pcver and drawing 
attraction of infonnal science teaching. A*'Wr a stiiaulating, 
introductory demonstration students many tioei keep on talking and 
discussing the issue even though the teacher carries on with the rest 
of the lesson I A striking exan5)le is nxof Julius Sunner Miller's 
demonstration to a huge gathering of school children. He first held 
up a spring balance with a weight of ('0 newtbn (1kg)) suspended and 
then counterpoised the balance in a horizontal jx)sition with another 
10 N weight as in the well-known s«rt-up with pulleys. He challenged 
his audience to say what the reading on the scale would be. Instead 
of looking at the scale and giving them the answer, he nonchalantly 
packed up the apparatus and continued with something else, nuch to 
the dismay of the pupils. That night some pupils actually broke 
into a pantry in their hostel, not to get jam cr canned fzuit^ but 
CO get a spring balance I 

2.2 Physical Absence of Teacher 




Many instances of infonnal science teaching illusfat^^ thp.t teaching 
can proceed and is indeed perpetuated in the physical absence of the 
teacherl It points, however, to the very real and meanir.gful 
didactical presence of the teacherl. Prof Julius Sumner Miller was 
didactically present when the pupils broke into th pantry to get a 
spring balance even though it was deep in the night and H was fast 
asleep! Maree (1971) argues that learning content and re<icher blend 
in a perfect didactical unity in all meaningful teaching situations. 
To the extent that Man can transcend his physical presence aainly 
through intellectual and spiritual endeavours, the teacher can also 
didactically transcend the tine and spatial lisiitations of his 
physical eBoodimentl 

2.3 Scientific Literacy 

Informal science teaching can now be shown to be one of the iiroortant 
and indeed vital referents of scientific literacy. A scientific 
literate person's hierarchy of values as manifested in his cognitive 
preference will be such that he will frequently partake in infonnal 
science teaching. He will not only spontaneously engage in scientific 
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dialogue, thinking and Mnder but al$o spootaneously be on the looV 
life 



^^Ai^l 5^vour$. TTUs Will be reflected in i4iat his 

reading, viewing and listening are and also in his hobbies iSd social 



Seen in this way scientific literacy is both the outcoae of and a 

^S^V^rl^i^V^^ coRve^^irLfoiSl 
scienve teaching is outcoae of and condition for scientific literacy. 
The cyclic «nd dynamic interrelationship can be depicted as f olloiS: 

onxxwE ^>s^ 

^i^JH^K v: Scientific 
Science Teaching Literacy 
CONDITION 

3. INITIAL AND CONTINUOUS RESEARCH 

Infomal science teaching as explicated here provides a noteworthy and 
useful entry point for the RAU Scientific LitiScy Reseaith^oj^t 
However, its very nature in that it occurs spont2«ously^^ 
sporadically and is unpredicUble, poses seriouTproWo^ fo^^ invest- 

VJ^hJJ:^'^;^' *^ developed to ascemii^lafoSLl 
science teaching. Oiestionnaires, interviews and obser^iSr 
(includini; electronic »onotoring such as hidden Upe recorders) are 
three obvious iznes of approach. The appendix show a part Xry. 

As yet the only results available are those of trial runs of a 

^ interviews at the Cnultiracial) Observatory Collece 
S ^\K^ Johannesburg. The questionnaire SsTS Sy * 
ten?*^!'!!^*^ '° standard 8 and 9 (grade 10 and 11) p^ils 
(N.220). The items related to aspects of infomal science teaAinc. 
9 «mm mmT"*'" were stnictutft and administered tolensSd 
9 pupils and ten standard 8 pupils randomly selected to gather 
infonnatiai through infomal discussions. * 

Some provisional observations made on the basis of this liaited 
pilot study are the following: " 

1. pupil's conceptions of the nature of science, and of science as a 
hinan endeavour, are vexy hazy. »ticncc as a 

2* The scient^^t ♦Km.tA«w«i#.i— ^-^t-^ - n z ^i. 

** — vxten conxusea in the eves 

of the pupils. Ftor example many described the TV repair man as 

* scientist. i»* •> 

3. Biology is not seen as a science by most of the children, possibly 
because the unified subject of ftyiics-Chmistry is lisUd^^ 
KSSd'Llil.^^^ ^ ^^^^ ^i^' ^' Botany-ZooC 

^* S^SSghJ^iTSh^Sir^^ ^^^^""^ *^ Chemistry, and only 
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One outsuncL'ng isplication for science teaching fron these trial 
xm results is the dismal failure of fonoal science teaching to 
promote scientific literacy through inforaal science teaching. 
Conse(^tl/ in ongoing research sane progrannes in physical science 
(physics and cheadstry) and biology are devised and tested at various 
schools to asceruin if and how they create conditions for inforaal 
science teaching and scientific literacy. In addition to question- 
naires and intenriews results frcn obsenrations will be incorporated 
in this continuous research. The final report in 1988 - 1989 will 
huve researched guidelines how fonoal and non-foraal science teaching 
could jftost effectively be used to pronotc scientific literacy by 
»eans of inforaal science teaching. 



Oiagraaatically the research can be depicted as follows: 



Questionnaires 3ntenriews Observations 



Pilot Study This This 

Observatory Article Article 

College (Provisional Results) . (ProvisAonal Results) 



Studies at 
other schools 
(Foroal Science 

Teaching) 

Studies on 
fkm-roraal 
Science Teaching 

• ~i ^1 r~ 

Ascertain Inforaal Science Teaching (Scientific 

Literacy) 
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APfCNDIX : THREE DAY DIARY 
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Tfcink back to any activity that you took part in, today 
in the ho«e or garden. You «ay have nade or «ended 
something, treated soil, planted or tended seedlings, 
done soae cooking, etc. 

(a) Please list the activities that you took part in, in the hone 
or ganSen , today: 



1. 
2. 
5. 
4. 



5. I|toie 

(b) Tiae spent working at the horae or garden acticity, today: 

0 nin. J 

less than 5 min. 

5 to U^iain. 

about 15 min. 

about 3*) mint 

about 6t> min. 

nore than 60 min. 



(c) Kere there any times or situations when you were involved in the 
horoc rr garden activities that you would regard as related to 
sciet.ce? 

Yes 

No ~~ 

Not applicable 

(d) If you answered yes please give a dcUiled account of those 
experiences whidTycxi would consider to be related to science 
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Please indicate any hobby or ganes playing activity WK' you 
took part in, toda^i as follows: 

(a) Kmt the hobby or game you took part in today: 

1. 

2. : 

3. 

4. 

5. None 



(b) Tine spent on your hobby activity or games playing 
activity^ today: 

0 min. 

less than 5 min* 
S to 10 min, 
about IS min, 
about 30 min, 
about 60 min, 
sore than 60 lain. 



(c) 



Were there rmy tbocs or situations when you were involved 
that you would regard as being related to science? 
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(a) Pre-university system 
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University entrance through matriculation examination at end of 
secondary school. 

(b) Research in paper fits secondary school 

(c) Jan Maarschalk B. Sc. (Pretoria Uuversity 19S3) D.Ed. (Rand 
Afrikaans University 1978). Science teacher in Kenya, England 
and South Africa. First editor of SPECTRUM, journal for science 
teachers. Professor in Education Science Rand Afrikaans 
University. Research and teaching activities and publications 
focus on heuristic teaching strategy, interaction analysis, 
creativity, teacher training and scientific literacy. Leader 
of RAU Scientific Literacy E'jscarch Project. 
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THE ENVIRONMENT AND APPROPRIATE SCIENCE AND 
TECHNOLOGY IN CURRICULUM DEVELOPMENT IN UGANDA 

Jane N. Mulemwa (Makerere University, JCanpala, Uganda) 

Ugaiida is basically an agricultural society with about 901 of its population 
residing in niral areas. It is therefore necessary to concentrate on rural 
developaent if the country as a whole is to develop. However, our educational 
system, as a foundation for any development, is such that it fosters a nega- 
tive attitude towards any productive manual work agriculture, and tends to 
down-grade technical and vocational training. Furtneiaore, it is an elitist 
system >diich prepares pupils almost exclusively for fonnal education, and 
yet it is only a very small percentage, about 101 of the total population 
that ever gets a chance to enrol, let alone graduate successfully from this 
system. 

It had therefore become increasingly clear that the educational system 
had to be made more relevant to the developmental social -economic n*eds 
and aspirations of the individual and of our society at large. Since 
the fruits of science and the products of technology continue to shape 
the nature of our societies, however unsophisticated, it was iiroerative 
that vocational, science and technology con^wnents be introduced and 
or eii5)hasised in the educational system, right from primary level.. 
This would increase the technical capacity of the country and place 
Its people in a better position to participate in the solution of the 
indigenous problems of social and economic development. 

THE PR06LH4 

The present school education system in Uganda places too much enmhasis 
on the theoretical academic education and tends to down-grade and therefore 
discourage technical and vocational training. This means that the majority 
of school-leavers who never get a chance to go for further education 
are very ill-prepared to fit in the real world of work and become useful, 
active participants in the social-economic development of themselves 
and of the nation, especially ia mral areas. The school system fails 
to cater for the school-leavers, \A\o are the larger majority, in that: 

(1) There is no skills training and development conponent in the 
curriculum. 

(2) The curriculum lacks en?>hasis on the use of the local environment 
and does not have innovative basis for appropriate science 

and technology. 

(3) Resource E^aterials have always been in^wrted in the past, and 
no effort made to use locally available materials. 

(4) It prepares the learner to despise all manual work and instead 
aspire to white-collor en?>loyroent. In so doing, the system 
tends to alienate the learner from the conmunity and from the 
real world a work, beginning at primary level. 
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Therefore, with the help of UNESCO, the Uganda govenrment embarked on 
a prinary level curriculim innovation experimental project at Namtaiba, 
in 1968. 

1HE NMtmVM Pmn* FftOJBCr 

The ''Nanutaniba Project" as it is comaonly laiown, was started at Namutaniba 
Grade II Teacher Training College (T.T.C.) with six associated primary 
schools. Right from its inception, the project took cognizance of the 
fact that ours is an agricultural society, with the majority of the 
people leaving and woricing in rural areas. The project therefore developed 
a curriculum >rfiich in addition to formal education, gives basic technical 
and vocational training, with special reference to agriculture. 

A. The Aims and Objectives of the Pilot Project: 

The overall aim of the project was "to improve living conditions in 
a selected area (i.e. the Nanutaniba area) and to assist the children, 
youth and adults of the area to prepare for effective and rap-.d integration 
into the social, cultural and economic development of Uganda" 
(Rukare 1977). 

More specifically, several objectives of the project were identified. 
These can be briefly suninarised as: 

To develop new curriculum content, a 0015)1 ete primary educational cycle 
to the learners, and therefore help to check the school leavers' 
rural -urban exodus through the provision of sound e;q>eriences in general, 
pre-vocational and vocational education. The project would also provide 
data and infonnation on '^Education for Rural Development", so that such 
infonnation can be availed to other countries facing similar problems. 

B. The Pilot-Project Activities 

1 . Introduction of new content/course into the curriculum 

The original primary level curriculum co!i?)rises of nine areas, namely. 
Languages (vernaculars and English) Handwriting; Numbers (Maths); Religious 
Education; Science (nature and health education); Arts & Crafts; Music; 
Physical Education, and social studies (>rfiich includes Religious Education, 
Geogr^hy, History and Civics). 

The new content added included, the study of the environment; construction 
work; matter, energy, work and single machines; vocational skills like 
cookery, needle work, bookbinding; handiwork like basketry and weaving; 
crafts like carpentry and joinery and pottery; Food and Nutrition; home 
and family life; and agricultural activities covering crop and animal 
husbandry. 

2. Develcpinent of Learning Environments 

In an attecqpt to integrate the learners with their physical-biological 
enviromsent, different learning centres were develq>ed within the college 
compound, such as a snake park, a pond and watergarden, an arboretum 
and a display of various rocks and minerals of Uganda. The college compound 
was used as a "teaching laboratory". 
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3. Methodological Innovations: 

pe aethod of teaching change significantly from the traditional 
fact-giving preach to the guided discovery method. The environmental 
^roach was effectively used and the following innovative strategies 
of teaching rural science were devised: 

(a) The '•Outdoor Approach": 

This involved the labelling of the flora in the T.T.C. area and 
the development of several environments like the snake park, 
water garden, etc., in the college confound. 

(b) The "Container i^roach" 

Different types of containers like bottles, cans, crates, etc. 
a^^stu^ ^0 collect and/or grow specimen for e3q)erimentation 

(c) The 'Tield Approach" 

The students were trained, through practical work to acquire 
vocational skills and agricultural skills of crop and animal 
husbandry, stressing both the research and the productivity aspects. 

4. Extra-Curricula Activities 

To facilitate and inculcate the new methodology of guided discoverv, 
the pupils and stjidents engaged in activities like science fairs, knd 
ca^titions m, environmental science, the school con?)ound as a teaching 
lab and the production of primary science booklets and a teachers' journal. 

5. Non -Formal Education 

The school activities were extended to the surrounding cormiunity with 
a view to providing the out-of school youth and adults with opportunities 
to develop their potential and creativity. The coninunity was encouraged 
K ^^^^V^^ vocational skills training progransne, so that 

tne T.T.C. acted like a coninunity development centre for the ar*a This 
aspect also included social-cultural activities like dance and drama. 

After 3 years, several national and international evaluations of the 
project were made (Rukare 1977). On the whole, all evaluations advocated 
the validity of the project and agreed that the programne developed 
was both effective and feasible. It was therefore decided that this 
progranroe should be expanded to other parts of the country. 

TOE BEIRD PROOWWE 

the Namutamba programme was extended to ten other Teacher-Training Colleges 
so as to train the would be in5)lementors of the progranroe, first It 

^° S^^^^ Education Integrated into Rural Development, 
BfclRu. A technological co:i5>onent was added to the prograniiie as Fasic 
Skills Development for Self-Reliance. Functional Literacy progranines 
were started to facilitate the acquisition of these skills by everybody 
in the ccmnunity. ' ' 
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Each college therefore developed an aninal and crop husbandp^ coiq;>onent 
for self-reliance, a Basic skills Training and Functional Literacy training 
progranae in addition to a najor aspect of the progran&e geered tcfwards 
the particular needs of the area* For example Nkozi T»TX*» concentrates 
mainly on agriculture because it is situated in the agriculturally 
rich central region of the country* However, the students there also 
do netal %K}rk, carpentry and haxKllooro weaving* Sunilary, Kaliro T.T»C* 
in tfie East, while having woodwork, netal work and leather work as the 
■ajor aspects for the college, there is also piggery and big orchards 
of oranges and pineries. In the north of the country, Ngetta T.T.C* 
adopts the ^Tiomestead Approach", but also has poultry farming and crop 
and aninal hisbandry for self-reliance in food and finances* 

Teaching-learning aids like equipnent required for the practical work, 
DO-IT-Yourself booklets and course units were made and developed by the 
students of the colleges* Some Teachers* Guides and Pi^ils* Manuals have 
been written, as well as the syllabus for the Teacher-Training Colleges. 
However, at present, none of the colleg^esis functioning at maximum capacity 
and neither is the envisaged country-wide spread of BEIRD progranne 
forth-coning mainly because of financial constraints* 

m »MJQR FRC6LB4S AND LMTATICNS GF TIE BEIRD-FROGRMC 

1* There is a need for country-wide research and experimentation to 
determine the iiiplications of BEIRD as a basis for curriculum design 
and implementation* At present, the experiences are limited to only 
10 institutions* 

2. There is lack of a country-wide pre-service and in-service training 
and orientation courses for both tutors and teachers for the BEIRD 
prograime* 

3. The rigidness of the examination system frustrates the inplementation 
of the BEIRD progranine* The examination should test life-skills 
imparted in the programBje in addition to the traditional examination 
sii>j ect * 

4. The BEIRD programmes requires a lot of financial resources in order 
to start diem and maintain them, for instance the purchasing of 
agricultural implements and drugs, and transportation* 

THE M>ACr OP THE BEIRI>-FROGRA»tC 

1 * It provided new and ^ropriate methodology for teaching in many 
subjects especially sciences, through the discovery and environmental 
qjproach strategies* 

2* It developed a very ^ropriate curriculum for Uganda and posribly 
for other developing countries* 

3. It produced the desired positive attitude towards fanning and agri- 
culture in general* 

4* It provided Basic life-long, marketable vocational and technological 
skills to enable out-of-school youth to engage-in income generating- 
activities* This, coi!|)led with a positive attitude towards fanning 
is likely to check the rural-urban exodus of both youth and adults* 
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5. The programne facilitated "integration" at serveral different levels. 
It brought out the interdisciplinary nature of subjects, and integrated 
theory with practical work, \^ch encouraged the learners to apply 
their knowledge in practical out-of-school situations . While the different 
learning situations like a snake park and water garden etc. enabled 
pq)ils to better understand the concepts of environmental integrations, 
the integration of formal and non-foiroal education checked the alienation 
of learners from society. Lastly, the project necessitated the cooperation 
and services of different government ministries e.g. ministries of 
E d uc ation, Agriculture, Health, Connunity Development ajid so on. 

FimJRE FRDJECnONS: 

K Non-Fomal Education for community Development: 

The ^^on-fonnal education system in the country is such that learning is 
problem-solving oriented and the progranroes are intended to iaspart functional 
literacy and skills which facilitate easy participation in the world of work. 

It is suggested here that all bodies involved in non-foimal education should 
employ the BEIRD methodology and ^proach to learning e.g. the *Tield ^roach" 
to train marketable, enployable skills. 

Furthennore, non-foimal education programnaes should endeavour to widen their 
activities so as to include topics such as Citizenship and Leadership training, 
home life and management, project planning and management, science for good 
health, diseases prevention and cure, First-Aid measures and appropriate 
technology. Such knowledge will help to raise the standards of living of the 
people and therefore iji?>rove the quality of life. 

2. Universalization of Primary Education 

Due to its integration of formal and non-formal education, the BEIRD prograra»je 
seems to be a more realistic strategy for the achievement of the goal of 
universalization of an appropriate primary education. Non-fonnal education 
programmes can further aid this process especially if they etaplay the BEIRD 
principles, approach and methodology as suggested above. 

3. Extension of BEIRD Principles to Post-Primary Institutions 

Considering the positive in;)act of the BEIRD programne, and taking cognizance 
of the fact that the programme is very much in line with the Ugandan 
government's policy for educational, social and economic development for rural 
areas, the extension of this programne to post-primary institutions would be 
most desirable. For exanple, the inclusion of vocational and technological 
education into secondary schools would give an impetus to the programme at 
primary level because primary leavers could then aspire to further training 
and expertise in the skills acquired at primary level. 

4. Environmental Education for Development 

The natural (bio-physical) environment is the basic source of all the elements 
which enable man to satisfy his basic needs. Furthermore, a country *s level 
of development can be equated to its ability to mobilize and develop its 
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' environmental resources, and to optimise their national use without 

<tepletion and destruction of its environment (Ibikunle- Johnson 1986). 
Therfore, throiigh ^ropriate education which is geared towards the 
I acquiring of knowledge and understanding of the environment as well 

I as the development of attitudes, and skills which enhance environmental 

r; quality, the foundation for the rational exploitation of the environment 

can be laid. 

' Like the BEIW>-programne, environmental Education in inter-disciplinary 

in nature and enploys problem solving approach. Furtheimore, appropriate 
science and- technology does play a very big role in the preservation, 
protection and effective control of the environment. Therefore, 

! Environmental Education can easily, and should be incorporated into 

the BEIRD programme for primary formal and non-formal education by teaching 
rural science with due emphasis on the national utilization, exploitation 
of the environment without deplotion and destruction. 

OQNCUUSION: 

r The prograinroe of Basic Education Inagrated into Rural Development, BEIRD, 

integrated formal and non-formal structures oi! education, at primary 
level. The programme is dedicated to the use of non-formal out-of-class 
experiences as a major core of the learning process. It nurtures diversity 

: of learning opportunities and it encourages and en5)hasises environmental 

learning which is experience-based, investigative and problem-solving. 

: It integrates the child into the camunity and involves the coiiinanity 

more directly into the education of its children and in adult education 
as well. The progranine therefore provides an adequate and sound basis 
for the few yko continue to further formal education, as well as providing 
a solid academic, vocational and technological basis for the school-leavers 
so that they can easily fit in the real world of work and participate 

^ in the socio-economic development of the nation. The BEIRD programme 

should therefore be re-vitalized, a component of •'Environmental Education" 

^ added and eiq)hasised and then the programne should be spread throughout 

the country, first to all primary level institutions, and later on to 
post-primary institutions. 

It is obvious that such a curriculum reform presents a very dauting 
problem and puts the national budget under very severe strain. However, 
the long-teim value of agricultural, scientific, environmental, vocational, 
and technological education justifies the greatest possible effort to 
finance the curriculim innovation. Moreover, the unavoidably heavy cost 
of such a refonn must be met if a sound and firm foundation for the 
ijq>rovement of the quality of life, and therefore national development, 
is to be laid in the schools. 
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CnaSR INPOmAIION REQUESIS) FOR 

A. The Pre-University Educational System in Uganda. 

There are basically three pre-university levels of education in the 
single-track fonnal education system as described below. 

Note: Pre-priinary or Nursery Education: 

This has not been formally integrated into the national system of 
education. It is purely voluntary and organised by individuals, groups 
or agencies, mainly in urban areas. The Ministry of Education, however, 
provides siq)ervision and licensing services as it does for other 
private institutions. Nursery going children are between 3 and 5 
years of age. 

1. Primary Education. 

Primary education consists of a seven-year course catering for children 
mainly in the agj-groups of between 6+ and 14 years. At the end of the 
7-year course, pjpils sit for a national examination, the Primary Leaving 
Examination (P.L.E.) - v^ich serves both as a tenninal examination and 
a qualifying test for post-primary institutions. 

2. Ordinary Secondary Education (*'0'* Level) 

This lower secondary education is a four-year course at the end of which 
pupils sit the "0" level terminal examination, the Uganda Certificate 
of Education, U.C.E.. The pupils are examined in a maximum of 8 subjects 
which must include English Language and Mathematics, and this examination 
then serves as criteria for entrance to Advanced Secondary Schools and 
other tertiary institutions like technical colleges and Grade II Primary 
Teachers* Colleges. Pupils at this level of education are usually between 
14 and 18 years of age. 

3. Advanced - Secondary Education ("A" Level) 

The students offer only 3 or 4 subjects for the Uganda Advanced School 
Certificate of Education (U.A.C.E.), and sit for the final examination 
at the end of two years. 

At this level, students are usually at the age of 17 to 20 years. 

Holders of U.A.C.E. can then enter the University or other institutions 

like the Grade 5 Teacher-Training Colleges; 

Technical colleges and colleges of Commerce and Business studies. 

B. The paper prepared is a case-study for curriculum innovation for 
the primary level education. However, as suggested in the paper the 
methodology and approach of the project can be extended to post-primary 
education and to non-forraal education as well. 

C. A Brief Autobiogr^hy. 

1. Educational Qualifications 

I hold a Ph.D. in Chemistry, a B.Sc. (Hons) Chemistry, 2nd Class, 
Upper Division and a Diploma in Education (Biology & Chemistry). 
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2. Present Bnployment: 

Lecturer - Chemistry Methods, Dept. of Science and Technical Educa- 
tion, Makerere tiiversity since Nov. 1982. 

3. Bsployinent History: 

(i) Full time Ph.D. student in Chemistry at Queen*s University 
of Belfast 1979-1982. 

(ii) Full-time Teaching Assistant - Chemistry Methods, Dept. of 
Education, Makerere University 1978-1979. 

(iii) Full-time Graduate Teacher at Makerere College School as well 
as Part-time lecturer - chemistry methods in the Dept. of 
Education, Makerere University 1976-1978. 

(iv) Full-time undergraduate - Faculty of Science, Makerere University 
1973-1976. 

4. Publications; 

1 ."Copolymers of Acrylonitrile with Furan, Methylfiiran and Dimethyl- 
furan". Polymer Conn. Vol. 25 (1984) pp. 300-302. 

2. "Copolymers of Acrylonitrile with some FurariS and their Diels-Alder 
Adducts". Polymer Coram, (in Press). 

3. "Catalogue of Instructional Models - Preliminary Edition" Monograph 
submitted to the University of Goettingen, West Germany (March 1985). 

4. Ph.D. lliesis, titled, "The Free Radio al Copolymerization of some 
Furan Coiiq)unds with Acrylonitrite". (1982). 

P^ers Presented at International Conferences 

1 . **The Interaction of Indigenous and In^rted Technology in the African 
Society". 

-Paper given at "The 3rd International Syn^sium on World Trends 
in Science and Technology Education", (at Brisbane, Australia 
Sth-20th December, 1984.) 

2. *The Universalization and Renewal of Primary Education in the Perspective 
of an Appropriate Introduction to Science and Technology". 

-Paper prepared for and discussed at the "39th Session of the Inter- 
national Conference on Education", as one of the six delegates who 
represented Uganda at this UNESCO Conference, in Geneva, Switzerland, 
16th-2Sth October, 1984. 

3. As a Ph.D. student (June 1979-July 1982) I attended several conferences 
where I presented psqpers and/or posters. 
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HEALTH EDUCATION FOR CHILDREN: THE PROJECT "CIRANDA DA SAUDE" 

Virgxnii Torrei Schall; Pedro 3urbBrg; Brani Roremberg; Miuricio Carva- 
Iho da Vasconcellos; Evely Boruchovitch & laabela CabraX Falxx-Souaa 

Oepartamento da Biologxa - Inatituto Osualdo Cruz - Fundagao Oaualdo 
Ztuz - Caixa Poatal 926 - 20.000 - Rio da aanairo - R3 - Brazil 

Health Education haa been reccomended by the Uorld Health 
Organization(l) aa a major tool for helping people to aolve their 
health problema on a aelf-help baaia, L-hich ia an eaaential requirement 
for aocial and economic uelfere(2). In Brazil, Health Education has 
traditionally reflected the distortions caused by socio-politic 
pressures exerted on the educational area, and only recently there heve 
been attempts to make the cientific knouledge adequate to the reality 
of the communities in need(3). Thus, the first nationuide programme of 
health education, implemented in the second half of the 19th century, 
uas deeply influenced by Pasteur's "bacterial revolution", uhich 
neglected the role of the socio-economic factors in the protJution and 
naintenance of illness. In the tuenties, with the introduction of a 
formal public healf* policy, a programme of "Sanitary Education" uas 
created, giving little emphasis on* the participation of the communities 
affected. An approach involving community participation uas applied in 
the forties and fifties, but it ubd heavily impregnated uith 
governamental populism, and again the real needs of the population uere 
overlooked. 

Only from the seventies onuards there has been a genuine attempt 
to subordinate the technical knouledge of health cientist and educators 
to the goal of comraunitv development. In planning health education 
programmes grouing emphasis has been given to the peculiaritiea of the 
different social groups, as uell as to the communities' auoreness of 
their oun social, economic and political role in society. This approach 
is exemplified by the project involving tuo recents publication8((»,5) 
sponsoned by the Ministries of Health and Education. That project aimed 
to help atudents^ from the first leveKsee note on the last page) to 
relate najly acquired knouledge of health issues uith their oun everyday 
experience. The atudents uere involved in activities uhich included 
field observations, laboratory experiments and dramatization. They uere 
also encouraged to participate actively in both the identification and 
solution of their community's health problems. Such an approach gives 
the studenta the opportunity to develop themselves intelectually through 
real life practicesi the emphasis being not only on "uhat", but also 
on "hou" to learn about health iasues. 

Follouing the above approach, the project "Ciranda da Saude" uas 
designed to help the studenta to acquire both an updated knouledge and 
a social attitude regarding health issues relevant to their life 
situations. Special attention is given on the students' active 
participation in their community health problems. The project follous 
the taxonomy reccomended by Bloom(6). It also takea into consideration 
the influence of the-atudents' previous knouledge and intuitive 
concepts about health that may interfere uith tha learning of cientific 
concepts, as pointed out by Ausubel(7) uhen enphLsizing the influence 
of the students' cognitive structure during the learning process. 

The project is divided in three stages, tuo of uhich are already 
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undtr uay* The first stage has bean to survey the present status of 
health education in both public and private achoola of the Rio de 
Janeiro municipality. Special statistical techniques of sampling were 
■raployad to give meximum representativeness to the aarnple. Information 
ao far obteined through queationneires and intervieya with teachera and 
fxrat-leval etudente hes indicated that: 

(x) The teachera have little knowledge of the progranwne of health 
atudies etipuleted by the Education euthoritiea, 

(ii) Haelth studies ere poorly related with other diaciplines, aa ueil 
as the students* age* 

(iii) The eubjects taught bear little reletion to the community health 
problems, 

(iv) Teechera and other achool ataff are uaually unaware of the atudenta' 
health conditxona, thus tending to neglect problama which need medical 
assxs tance 

(v) The students have a poor knowledge of importent health issues, such 
as the dxnamxcs of transmission of endemic parasitic dieeases, primary 
measures of health care, basic principlea of personal hygiene, etc. 
From the above survey it is clear that health education in the great 
majorxty of the schools sampled has failed to provide the student with 
an adequate knowledge of relevant health issues, as well as a proper 
attxtude touarda their health problems. 

The project»8 second stage has been to produce and evaluate 
xnstructxon materials dealing with selected health problems, such as 
dental carxes, lice, infestation, schistosomiasis, Chagas* disease and 
yellow fever. The instruction materials include: 
(i) Illustrated booklet8(8) in uhich the technical information is 
conveyed on a literary form adequate for children from 7 to 12 years of 
age, 

(xi) Leaflets containing more rfitailed information about the subjects 
treated xn each book, 

(iii) a guide-book aimed at providing the teachers with relevant 
xnformatxon on the principles of health education. Although the 
subjects of the booklets are specific to Brazilian children's health 
problems, the inatruction material (leaflets and guide-book) directs 
the teachers to a work which would bring eu'gut discussion concerning 
health aspects such as personal hygiene, nutrition, sanitetion, 
pollution end habitation. Erophosia is given on the social, economical, 
polxticel and philoaophical aspects of health education, as well as 
xts role xn preventive medicine. The booka include directions about how 
to develop extra-curricular activities such as gsmes, storytelling, 
dramatxzation and excursions. Suggestions on hou to promote the 
pertxcipation of the family and the community are also given. The 
effxcacy of the materials has been evaluted 8tatistically(9) indicating 
that the method employed have improved significantly their knowledge of 
heelth matters as well es their interest in the community heelth 
problems. 

The project third stege involves giving the teechers sn updeting 
course of studies on heelth metters, es well es techniques such as 
dramatization, story-telling end other extra-curricular activities. It 
ia expected that the teachers would develop a better awareness of the 
atudents* health problems, and uill nake more extensive use of the 
extra-curricular activities. 
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THE STRUCTURE OF THE BRAZILIAN SCHOOL SYSTEM 

Tht pre-univeriity iducttional lyitem in Brizil hea tuo levels: the 
firit one lute eiflht yeirt end the eecond, three ypBrs. The students 
ututlly stsrt the first Itvel with six or leven yesrs of sge snd enter 
the second isvsl ss thsy sre fourtssn or fifteen yesrs old. 

There is sn exsninstion for sdnission in the University, which 

y« '"^ "itJltiple choice questions. The students choose both 

the coures snd the University sccording to their preferences, 
quelificstions end finsncisl situetion. Their suoree in the exsminstion 
study "h»^h8r they psss or not, end in uhich University they uill 

The project "Cirsnds dc Ssude" ues crested for the first level, 
•P^cislly to the first five gredes, involving children betueen 7 to 12 
yeare of sgs« 

AUTOBIOGRAPHICAL NOTE 

Virginis Torres Schell is a Brezilien psychologist uith a Hsster 
Degree in neurophysiology from the Federel University of Hinas Gerais, 
!*fu " lecturer in Experimentel and Educational Psychology 

•t the Cetholic University of Belo Horizonte, from 1978 to 1979 end hes 
been e reseerch essistent at the Deperttnent of Biology of the Osualdo 
Cruz Institute, m Rio de Jeneiro, since 1980, She is presently under- 
tsking studies on the epidemiology of schistosomiasis and on health 
Bducetion for children. She has published 12 cientific articles in 
national end international periodicals, as uell as tuo booxs on health 
education for children. She also has uritten tuo fiction booka for Dre- 
sdolescents* ^ 
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ENERGY EDUCATION IN THE UNITED STATES: 
THE INDIANA MODEL 

Gcrtld H. Krockovcr; Professor of Earth and Atnosphcric Science Education, 
(Purdue Uiiversity; West ?^ayette, Indiana 4?g07, USA) 



Introduction 

The purpose of an energy educitlon program Is to enable people to 
understand basic energy concepts and to make Informed decisions 
regarding energy conservation and development and energy utilization 
with an understanding of options and consequences (Petrock, 1S81). 
Justifications for energy education in the schools are based upon nine 
themes: the educated citizenry justification, economic justification, 
"doinq good" justification, problem-solving justification, "take care 
of self" justific lion, educated person justification, career 
education justification, stewardship justification, and apocalyptic 
justification (Glass* igss). 

A review of the literature indicates that many students enrolled in 
grades K-12 have no initial opinion about energy (Perry, lg82). As a 
result, according to the Education Commission of the States (lg7g), 
there are many reasons why energy education is not being tJught in the 
schools today. Contributing factors include a lack of communication 
between state education and state energy agencies. A second reason 
involves the lack of quality materials available to teachers in that 
many energy education materials do not contain student activities, 
visual aids, appropriate reading levels, enrichment activities, or 
measures to evaluate student progress. A third reason is t^hat in many 
instances only energy conservation is being taught with other energy 
education components excluded. A fourth area of concern is that the 
majority of the energy education materials are geared toward the 
elementary grades (Natior.al School Board's Association, 1^60). 
Additional concerns are that energy education materials have also 
failed to use multiple resources (Ouggan, lg78), that they failed to 
encourage decision making skills (Korrisey, lg84}. that there is a 
lack of time for energy education (Ouggan, ig80)» and that quality 
inservicc programs are needed (Caldwell, ig82). 

Previous Studies 

The United States Department of Energy surveyed a random sample of 
seven thousand K-12 educators to find out how energy education is most 
often taught and what factors promoted or prevented the adoption of 
energy education programs. 3ased upon a 22 percent response rate, 64 
percent of the teachers rated their commercial textbooks handling of 
energy infonnation as Inadequate. Host teachers {SZ%) produced their 
own classroom materials on energy and 70 percent of the teachers who 
taught about energy did so primarily out of personal conviction rather 
than curricular requirements (Ouggan, lg83}. 

When surveyed In ig80» only 42 percent or 21 of the 50 $tate education 
agencies provided inservice education act itfi ties. Furt .*more» 42 
percent of the state agencies had no recdmiendation regarding K-12 
4;i Integration of eneray education subject matter (Education Connission 
T-rrir^ of the States. ig7g}. 
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An Iowa Department of Education survey of 400 post-energy education 
workshop participants, with a 45 percent response rate, indicated that 
the top four energy education needs are: hands-on Activities in energy 
education, action projects for teaching energy education, availability 
of support liateriils for teaching energy education, and knowledge of 
the environwentil and biological effects of radiation (Glass, ig84). 
The Ohio Department of Education surveyed 1700 K-12 teachers. Ninety- 
five percent of those responding either strongly agreed or agreed that 
energy education is in important curriculum area for the igsO's. Yet 
74 percent indicated that they have not received any related educa- 
tional literature, publications, or curriculum materials (Ohio 
Department of Education, igsi). 

One energy education model is the North Dakota Energy Education 
Network that features a resource center, newsletter, and inservice 
program. The inservice program begins with the development of a 
communication network with each of the state supported teacher 
education institutions. Then individuals identified as inservice 
Instructors and the inservice program were linked with the existing 
state teacher center network (Caldwell, ig82). 

Method 

Rationale 

TJie Indiana -Energy Education Curriculum Program (EECP) began in ig78 
with the receipt of a federal energy grant to the Indiana Department 
of Cownerce. The resulting EECP curriculum was developed to aid in 
nurturing an energy conservation ethic In addition to general energy 
education literacy in school age children (K-12), The purpose of this 
study was to evaluate the effect of the EECP in Indiana schools as 
perceived by K-12 classroom teachers. 

The survey is recognized as a direct way to obtain information con- 
earning an identified topic (8ybee and Mau, igB6). Butts (ig83) has 
pointed out that the survey is a rediscovered strategy for science 
vxducation research. However, like most research, the survey also has 
113 limitations. 

The survey used in this research was modified from an earlier instru- 
ment developed by the Indiana Department of Education (1985). The 
instrument was evaluated and field tested before mailing. Evaluation 
of the Instrument was completed by four enf^y educators who were 
members of the Indiana Department of Education Energy Education Cadre 
and who are nationally recognized as energy education experts. Four 
outside reviewers also reviewed the instrument. In addition, the 
survey was field tested with ten classroom teachers and three school 
administrators. Information from the reviews, evaluations, and field 
tests were used in designing the final survey instrunent. 

Subjects 

The survey instrument was mailed to a random swiple of teachers drawn 
from the total roster of teachers supplied by the Indiana Department 
of Education. The random sample included public and. private schools, 
grade levels K-12, and all geographical regioin of Indiana. Survey 
instruments were alsr sent to all educators who hod requested EECP 
materials from the Inofana Department of Education. Thus, survey 
instruments were sent to 445 users and 251 teachers selected at 
random. One hundred thirty-one responses were obtained from users (a 
29.4X response rate) and 101 from the random sanple (a 40.2% response 
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Procedures 

Surveys were mailed out In April, 1986, along with a self-addressed 
stamped return envelope and a cover letter explaining the purpose of 
the survey. The response rate of 29.4X for users and 40.23C for the 
random sample was within acceptable limits for a valid return (Warwick 
and Linfnger, ig75). 

Item responses were analyzed for significant differences between grade 
levels, geographic areas, and users versus the random sample. Chl- 
squarc analyses were employed to test differences between proportions 
of the subgroups choosing particular response choices. Where these 
data comprised a 2x2 design <nd the number of respondents In a 
subgroup was less than 20, Fisher's Exact Test was used. Yates' 
correction for continuity was applied to items with more than 20 
respondents. One-way Analysis of Variance (F-test) was also used to 
test differences between the subgroups (Hays, 1981). 

Results 

Eight pHnary questions form the foundation for this survey: 1) How 
many teachers know about, are using, or have used the EECP materials? 

2) Did teachers use the EECP materials once they vfere requested? 

3) How were the EECP materials used by teachers? 4) Which modes of 
distribution have been the most effective? 5) At what points In the 
K-12 continuum Is energy Included? 6) How many school districts 
include energy education in the planned curriculum? 7) Did teachers 
perceive that the EECP materials promote the behavior of comnltment to 
energy conservation in their students? and 8) What types of resources 
do teachers desire to use to teach energy education topics? 

Knowledge About EECP Materials 

Teachers* knowledge of the EECP materials differs depending upon the 
gr^de level taught. Most of the teachers requesting and receiving the 
EECP materials teach grades K-4 while those who teach In grades 9-12 
request materials the Isast (X (9) = 14.99, p « .09) (see Table 1). 
Overall, over one-half of the total group surveyed know about the 
materials and have them (see Table 2). 

Use of EECP Materials 

There Is a significant difference between the user's response and the 
random sample's response to the question regarding use of the EECP 
materials. Over 52.3 percent of the random sample did not respond to 
this question, 11.6 percent were not familiar with the.materlals, and 
10.4 percent are using them now or have in the past (X (7) « 31.93, 
p « .00). Of the random sample, most were not aware that the 
materials existed (see Table 3). 

In the user group, 36.8 percent are using the EECP materials this year 
while 16.8 percent used them In the past, although not this year. 
Thus, if the EECP materials were requested, they were used. 

How Were EECP Materials Used? 

Responses to the question, ••How did you use the materials sent to 
you?" were consistent across grade lovel, geographical area, and 
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between users and the random sample. Respondents rank ordered their 
use of the materials with "1" corresponding to the most used method. 
Both users and the random sample respondents indicated that they 
modified the materials to fit their program and used parts of the 
materials as an Information source. The second most used method was 
to combine the EECP materials with other materials for use in the 
classroom. After these two rankings, there was a difference, though 
not statistically significant, between how the two groups ranked the 
remaining methods (see Table 4). 



Those actually using the EECP materials include one-half of the users 
surveyed and 10 percent of the random sample. Of those users 
employing the materials, most found out about the EECP curriculum at 
teacher conferences though the difference between this and other 
sources was not significant (X (6) « 9.47, p « .IS). The two 
organizations identified most often were the Hoosier Association cf 
Science Teachers, Inc. and the Indiana State Teachers* Association. 
The second source most often specified was other teachers. Responses 
to ether distribution methods indicated that they were not as 
effective as those previously mentioned (see Tables 5 and 6). 



EECP materials are taught predominantly as part of the science 
curriculum especially in grades 5-8 (x (3) » 12.30, p « .01); more 
often it is not taught at all. Grades K-4 use energy education topics 
as part of their social studies curriculum as well as science, more so 
than grades 5-12 (X^ (3) « 20.69, p « .00) (see Teble 7). The amount 
of time devoted to energy education topics per school year ranges from 
1 to 10 hours depending upon the grade level taught. Grades K-4 spend 
approximately 1 to 10 hours per school year on energy topics, grades 
5-8 allocate from 1 to 5 hours per school year, and grades g-12 spend 
6 to 10 hours (x' (69) « 88.95, p « .07) (see Table 8). 



Sixty percent of the EECP users (N « 111) responded that they did not 
have any goals or objectives for energy education in their curriculum. 
Further analyses compared the responses of those school districts with 
energy education curriculum qo^^s tc those school districts without 
then. Only 3 out of 84 items demonstrated any significant differ- 
ences; this does not surpass the number of significant differences 
expected by chance alone (Hays, 1981). Thus, teachers taught energy 
education topics without regard to what was stated in their school 
district curriculum. 

EECP Materials and Commitment to Energy Conservation 

Mos< achers (60.8X, N « 151) believed that 25 percent of their 
stL*u,Cs had energy conservation knowledge prior to the start of the 
school year. Over 80 percent 0( the teachers indicated an increased 
awareness of the importance of e.ergy conservation in their students. 
While there was no statistically significant difference in the 
f asponses across grade levels, many of the observations came from K-4 
and 5-8 teachers (X^ (9) « 9.11, p « .43) (see Table 9). 



Effective Modes of Distribution 



Energy Topics In K-12 Curriculum 



Energy Education in the School Curriculum 
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Tw-thirds of the teachers responding were uncertain whether or not 
their students wre participating in energy conservation on their 01 
as a result of the EECP materials (X (9) » 17.30, p « .04) (see 



Resources for energy education preferred by both users of EECP 
materials and the random sanple of respondents, In order of 
preference, were textbooks, newspapers and magazines, audio-visual 
materials, and library books. The textbooks, newspapers and 
magazines, and special resource people were utilized the most for 
energy education for grades 5-8 (X*(3) » 9.02, p » .03; X (3) « 9.58, 
p « .02; X (3) « 9.31, p » .02 respectively for each source). Both 
grade levels K-4 and 5-8 use library books and the EECP curriculum 
more than grades 9-12 ( X*(3) « 8.35, p » .04; X^(3) « 6.21, p « .10 
for each resource respectively) (see Table 11). 

When asked how ^Improve the Et materials, there were two aspects 
which teachers iJh^ted to see imprc ed. Teachers wanted more student 
activities which require decision mdking skills and minimal teacher " 
preparation. They also wanted compatible, up-to-date audio-visual 
materials, particularly for grades K-8, ( X (3) = 8.S0, p « .03) (see 



The purpose of this study was to analyze the impact of a statewide 
effort to disseminate K-12 energy education curricular materials. 
Results indicate that energy education is taught in schools when 
materials and information are made available to the classroom teacher. 
It is also interesting to note that despite the lack of goals and 
objectives for energy education in the school curriculum, individual 
teachers still continue to address the subject in their classrooms. 

Teachers who do not teach energy education indicate that there is not 
enough time within the school day.> Furthermore, they indicate that 
they do not have the time to sort through materials and adapt them for 
their use. These concerns demonstrate that simply having the 
materials available is not enough to insure usage. Teachers need 
assistance with regard to the incorporation of energy education 
materials into the existing school curriculum and where to place 
specific topics. 

Another concern expressed by teachers is that while there are abundant 
energy education materials available, they are not necessarily appro- 
priate for all grade levels and student ability levels. Teachers are 
consistently requesting hands-on activities, up-to-date visuals, and 
activities involving decision-making skills. 

Adequate distribution of energy education materials and providing 
.needed information seems to be the-key to-promoting energy education. 
Having materials available in the library or media center does not 
insure their use or that teachers will choose to review them. The 
most eff.3Ctive dissemination of energy education materials has been 
through teacher conferences and inservice workshop programs conducted 
over an extended period of time. 



Table 10). 



Resources Desired by Teachers 



Table 12). 



Surmiary and Implications 
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These conclusions are not new or unique to the State of Indiana, but 
Closely parallel the conclusions of energy education studies conducted 
for other state departments of education (Education Cownission of the 
States. 1979). In fact, the results of a survey of 21,000 Indiana 
teachers indicated that Ihty wanted a role in the selection and 
purchase of textbooks and other resources, administrative support^ and 
an increased variety of inservice opportunities (Indiana Department of 
Education, 1986). 
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The United States of America pre-university educational system is 
based upon thirteen years of schooling with the following divisions: 
elementary school (grades K-6), junior high school (grades 7-9), and 
high school (grades 10-12). Some school districts have slightly 
modified errangemeots which end the elementary school experience at 
grade 5, have the middle school experience for grades 6, 7, and 8. and 
then a high school experience for grades 9 through 12. The approxi- 
mate ages of students as thay move from one stage to another are- 
enter elementary school age 5, leave elementary school age 11 or 12. 
leave junior high school age 14 or 15, leave high school age 17 or 18 
The mode of assessment used for university entrance is: scholastic 
aptitude test pu»rformance scores, high school rank, academic rigor of 
course work taken, and teacher and counselor reconmendatlons. 

This paper fits into the Kindergarten through twelfth grade effort to 
provide an energy education curriculum for all students. 
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cVALUATION OF •NATURE', AN INTEGRATED SCIENCE-CURRICULUM 

Ger van der Krof t (National Inst; tute of Educational Measurement CITO, 
Amheijn» Netherlands) 



1 Introdaetlon 

Sine* 1983 tht Foundation for Currlculus D«v«lofMnt (Stlchtlng voor 
d« LMrpl&nonttrlkkalings SLO) hat batn dttvtloplng a currlcoluai in 
which tha thraa tdancaa of biology^ phyaict and chaaiatxy and 
physical gaography ara taught in an intagratad aannar* 
Tha Moat striking alaaants of tha curricuXuD ara t^at it should fit 
tha world of intarast of 12- to 16-yaar-olds and should rasult in the 
craation of ona school subjacti *Natura'. SLO baa raquaatad tha 
Mation&l Xnstituta for Educational Haaauranant (Cantraal Ii^atituut 
voor ToatsontwiXkalingx Cito) to avaluata a firat draft of tha 
curriculus and davalop inatruMnta for atudant evaluation to ba uaad 
onca tha eurriculuB haa baan fully davalopad* 
A schama for evaluation haa been set up on the baaia of the data 
available at the tljaa the requeat waa aada. ihia achaoM conpriaaa tha 
conatruction of 7ariou9 inatrumenta for curriculuqi evaluation* Tne 
reaulta of the evaluation were to be uaed for the re via ion of the 
curriculua* Thia paper reporta on the methods # inatrumenta and outcone 
of thia evaluation. 



2 Teaching aatariala 

The developoant of teaching aatariala ia part of the construction of a 
propoaal for a nation-wide integrated acience eurriculua for the age 
range of 12 to 16 year a. The teaching aatariala are built up round 
topica out of the world of intereat of 12- to le-^aar-olda* Theae 
aatariala ahould be auitable for >4xed->ability claaaea. Tor thia 
rMSon a core-option aodal haa been ^oaan^ that ia to say, every 
topic ia coapoaed of a core-part and a nuabar of poaaible optiona* The 
core-part contains tha ainiaua goals which hara to ba reached by all 
the atudanta* Between tha various options there ia a difference in 
difficulty levelf so that the brighter atudanta too are really 
challenged to cope with tha aaterial* Tha total tiae required for a 
topic is about 15 leasons of 50 minutes. 



3 Haaaarch-guaationa 

Bacauaa of tha apecific eicpertiaa of Cito» tha institute where X am 
%#orking» we only conaider here those questions which cau be cxaained 
by Cito-evaluators* 

These questions can be divided into three aain groups » naaaly 
questions about 

1 * initial situation V*liai ting conditions V*Mterial* 

2 •learning effects* 
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3 *a*t«ri«l« d«v«lopMnt* 



tbe sub-questions in tbs first Min group^ 'initial situstion* are the 
folloiringt 

- what is the starting point of the studants ss to Icnowladga and 
skills at tha try-out of s topic? 

- doss tha Mtarial Mat tha rsquirasanta c£ lay-out and dasands? 
• what ifvlssantatioQ problass does tha taschar hsva to dasl with? 

- is tha aatarisl suitable for uau in rdxed-ability classes? 

The second group of q»4stions# concerning learning effectSf includes t 

- which knowledgs and s)cilU have the students attained by studying 
the topic? 

- which goala and objectiTes do tha studenda attain? 

- do studanta learn *aore' in sixed-ability classes than in 
hoaogeneoua groups? 

The third group of q^iastions focusses on the process of developnentx 

- in what vsy i^. the aatarial designed? 

TiM was liaited, therefore we had to set priorities* Moreover # wa 
thought thst the question of neeting the requirements oC the auterial 
could beat ba answered by the developers themselves* Questions posing 
the aotivsting aapact oT the material could only be answered after a 
long working period wiCi tha material* Therefore we had told the 
developer a that this vaa cot relevant at the moment* 



4 Working in mixed-ability clssses 

To find snswers to the question of suitability of the material for 
mixed-ability claasea we have set up a little research-exp^irimant in 
one of the try-out achoola* In thia achool 13 clssses havit tried out 
the topic *My clothea** The atudenta worked in groups of three to four 
people* These groups were coiaposed heterogeneously and homogeneously* 
Homogeneoua groupa are groups o£ atudents of about the same 
intelligence and ability and heterogenous groups sre made up of 
students of st lesst three diffctent levels of intelligence and 
ability* After the treatJMnt they all had to fill in quae tionns ires 
and to make a teat* The answer a on both inatrumants were compared with 
each other* The reaulta ahowed that the atuden^ca from the 
heterogeneous groups did not score significantly better on the test 
than tha atudenta from the homogeneoua groupa* However # atudenta froo* 
hater ogeneoua groupa mentioned more frequently that they had learnt 
more from tha experiments and taaks they hsd done during the lessons # 
than studanta fron homogeneoua groupa* So it was more or leas a 
feeling of having learnt *more* and the reaulta showed that during 
this abort period of treatment there waa no difference in 
learning-outcome a, but that working in heterogeneous groups wss 
experienced as being more pleajant* 



5 Evaluation inatr omenta 

At thia moment we have the following instruments t a test about the 
goal a and objectivea of the core-part (thia test is taken at the 
beginning and at the end of the teaching of the core)« a 
questionnaire for the students to be anawered directly after tho core 
has been taught # queationnaires about the optional parte/ 
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A ^ttionnAirt for th« t««cli«rt and at tli* •nd of ttim topic an 
•valttitiOA form for thm t««ch«ri« On th« following p*g«i th« 
iBStruMnta UMd at* diicuMsd. 

For th» porpoM of oooatnietion Cite vorks with prictliing tMch«ri • 

Xa this CAM hATA MAt thA ObjACtiTAI And thA dTAft MtAriAl tO A 

f«w tAAchAri. ThAy hAd to construct ths itscs to 90 «rith ths 

ObjACtiTAI. Xa A fAtf C#SA« it bSCABA ClSAr thAt thA ObjACtiVAl WArA 

AAbignoos. Ihis inforcAtioo was ssnt to thA dAVAlopArs so thst thAy 
coold USA thASA rAMArki to iaprovA thA tAict which is going to bs ussd 
in schools* HotfAVAr# it is clssr thAt it is iaqpoiiiblA to AVAluatA All 
thA objACtiTAi by pApAr*And*pAnciI tAits. Ths itsas prodacAd rsprAiAnt 
thoiA objACtivAi which cAn bs AYAlUAtAd by pApAr-And-psncil tAits« Ihs 
othAr objACtivAi, for-AXsaplA *coopArAtion with othAr itudAntA* hAVA 
to bA AVAlUAtAd in AnothAr WAy by thA tAAchAri thAosAlvsi* 
First, A ooncApt-tAtt wai constructed with a Mtrix* At lubisquAnt 
MAtings thA concApt-tAit was diicustAdr criticiSAd And rAVilAd. 
During thA construction wa hsd triAd to gAt a tAit with a f aw itAas 
rAliting to AAch objACtivA, lo thAt wa could usa thli tAit ai An 

objACtiVA-bAIAd tAft to try cut thA fAAlibility of thA objACtiVAS* 

HowAVArf WA do not know if thA rAiultA ArA thA Aff ACt of thA Isisons 
or duA to chAncA* IhA following qusitions ArA foraulAtAdt *whAt is ths 
cffAct of thA tAAchingV *is ths pArforaumcA on thA tAit 
SAX-dApAndAnt*, to whAt AxtAnt CAn thA psrforsAncA bA Attributsd to 
thA itArting-lAVAl of thA itudsnti*? 

In ordAr to gAt Ansifsri to thAiA qUAitioni wa hsvA ussd thA saoa tstt 
At A prAtAst bAforA thA itsrt of thA topic* 

As thii hAt conioquAncAi for thA intArprAtAtion of thA rAiultt we hAva 
used A lApArAtA^SASiplA prAtAit-poittAft dsiign froa CAo^bsll And 
StanUy (1966). 

As An AXAfl^lA thA following rAiulti ArA ihown por clAtt on thA prstast 
And poittASt of thA topic *ifAithArforACAft*« 



prAtiit pofttAit 
auttScorA amui ManicorA MAn 







parcAnta?* 




p«rctnt«9« 






(p-VAluA) 




(p^tXtts) 


CUSl 1 


t6.1 


(.52) 


19^7 


l.U) 


ClAM 2 


16.1 


(•52) 


19.6 


(.63) 


CUll 3 


15.4 


(.50) 


1C.3 


(•59) 


CXmi 4 


14.1 


(.41) 


11^1 


(.51) 


ClAll S 


14.1 


(.45) 


17.4 


(•56) 


ClMl 6 


13.5 


(•44) 


18.0 


(.56) 


CUai 7 (XAO-cUll) 


12.3 


(•40) 


14.3 


(.46) 


CltSl I (ZBO-ClUl) 


9.9 


(•32) 


19^5 


(•34) 


StudMts from 


14.4 


(•46) 


17^5 


(•57) 


ClAll 1*1 










(M • 160) 










ClASI 9 






20.9 


(•67) 


ClASI 10. 






IB. 3 


(•59) 


cUll 11 






17.2 


(•55) 


tttttenti froA 






1S.9 


(•61) 



cUai 9*11 
(M • 59) 
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At you can {torn thli tablt th« M«n icor* of th« «twd«nte ttom th« 
cUtt«i 1-8 on th« poittMt (17.5) ii just ilightly iow«r than th« 
■tan ecort of tbt clatitt 9-11 (18.9). Tim difftrtnct It not 
tignif leant and dut to tht tvo IBO-cIaaiti (IBO mtant Individual 
vocational tducation • lowtr ability atudtnti). 

«»t conclution of thii fact it that the )cnoifltd9t tht atudantt ix>uld 
hav« obtaintd by making tht prttttt it probably not rtltvant tot tht 
tcortt on tht poittttt. In othtr words, tht man tcortt of th* clattts 
1-8 art coaparablt with thott of tht clatttt 9-11, to wt can ftitcutt 
thtfi togtthtr. 

By centring tht rttultt on tht prttttt with thott on tht pottttat w« 
can tttiMtt tht Itarning gaint. 

Tht Man tcort on tht prttttt it 14.4 (p • .46) and on tht 
potttttt 17.9 (P • .58) to tht gain in Itarning it 3.5. ttjit atant 
that tht ttudtntt antwtrtd thrtt to four nort qutttiona corrtctly on 
tht potttttt than on tht prttttt. 

By cooparing tht rttultt of boyt and glrlt atparattly v« can ttt that 
tht boyt tcort tlightly higher tiian tht glrlt. mit la the cast on tht 
prttttt at wtZl on tht potttttt. This is shown In the diagram. 

mean ilOO' 
percentage 1 
correct 
answers 
(P) 

75' 




pretest posttest 

boys J N- 95 boys t N-126 

girls: 65 girlst K- 88 

totAlx HoloO totals N«214 

nit gAln in luarning in tht saw for boyr and girls » 3-4 Item.^. This 
gain Ir ralatlvtly £iLai« The prior kno«*l*dge at th« start of tlva 
topic k« 'y>r<.tty hioht ainost fifty percent of tlio g^U'tstlons is 
ank.4er£d ix;^-rectly« 

Tht co'*5> ,;;icR about ttiu prior knowltdgo ana about ttit g&in hi 
If^vniug is .'.'tltvant for rtvlsio:i oC the aateriai. 

Q utstionaairt ax>jut the gore-part 

Aft^r the core-pan: the students art flaked to anrv*> the questions of 
the questionnaire* Thay had to agr^t or .<iaacree with nuaber of 
stateiv^tnts. Th9 stateaants can b«i divided inCo three subgroups.* 
- Vjo-^f tht judgement of tht students about tht cort-p^-t of tiiv^ 
^ fcopic, 

V _ >ottt working in small grcups. 
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«• mbottt tbm fanctioning of tim tMch«r during group work* 

rti%9% <iMttiocmAir«t 9lv« us InforMtioa regarding th« t«xt# tht tasks 

and tha axparlaanta. Basidas, tba studanta can indicata if thsy had 

anjoyad tha oora*part or if tbay bad found it doll* 

It also providaa infonutioa about tba suitability for group work and 

tha guidanca of tha taachar during this part* 

Quastlonnaira about tha option* 

Two quastionnairas hava baan davalopad for tha optional parta* 
Tha first ooa had to ba fillad in aftsr having finifhad tha cora-part 
and bafora starting tha firat option* lha studanta hava to atata tha 
raason for thair choica* thay ara also aakad if thay had basn infomad 
claarly and aufficiantly so as to anabia thaa to naka a choica* Ona 
quastiOQ rafars to tha fact that tha studanta might hava Mda thair 
choica bafora any inforaatioo about tha options had baan givan* At ths 
and thay hava to spacify %fhy thay would navar choosa a particular 
option* 

Iha sacond qusstionnaira had to ba filled in aftar tha atudants had 
finiahsd thair optiona* lha quastions ara about mattars auch as tha 
clarity of tha optiona# tha difficulty lavsl# tha attractivanass* 
Furthari if thay had laarnt soaathing froM tha options and if ths 
option had coaa up to thslr axpactations * At tha and tha atudants ara 
askad if thay ara happy with thair choica# looking back on it# and if 
thay would racoanand thair option to thair paara* 



^lastionnairas for tha taachara 



lhara ara two quastionnairaa for tha taachara* tha first one consists 
of thraa parta and has to ba fillad in aftar tha first two lassona 
(oriantation)# aftar tha cors-part and aftar tha optional parts* 
tha quastions ara about tha taachcr*a guida^ tha student's manual « tha 
taaks insida and outaida tha cXassrooci# tha illustrations and tha 
instructional aathods* At tha and they had fill In if tha tiaia 
allotted to thaa had been enou^^ to work things out end if there had 
been suffi'^Mnt student-aatarial such as rsference*booke ate* 
the second *. .:jstionnaire# a sort of eveluation fora# .consists of three 
open questions* With this questionnaire the tsechers can write e 
reflection on their experiences with the topic 

tha data 9%therad with ell tha instruaents will be used for revision 
of the topic* 



C Tha developing procee of e topic 

tha aethod of developing e topic has not been eve lusted 
systaaaticelly* Soon aftsr the start it bscdaa clsar that tha wey in 
which e topic was developed was not guided by rules* Sons people hed 
so such influence that even trithin one group of developers different 
working aathods were being used* 
tha next axaspla will illustrate this* 

Within ooa developing group the topic 'Your home« e nice shelter?* wes 
developed as follows t 

Tha first discussion seesions^ efter the naae of e topic had been 
chosen^ %fare being used to talk ebout the defining/definition of the 
scientific concepts which had to ^ .taught to the svudents* the firet 
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draft of th« I«««ona %i«s vrltt«n by th« 8LO*-d«v«Iop«rs and diacuaiad 
by thm taacbara* lhaaa diacusalona wtra about th« ooncapts, tha Idaaa 
of th« itttdants* raal'lifa altuationa, tha objactlTaa and about tha 
tlM raqoirad to taacb tha objectiraa ate* Tha co— inf vara uaad to 
raviaa tha flrat draft and this draft vaa printad for tha flrat 
try-out in tha classrooaa* iba araluatlon^data vara uaad to rariaa 
this draft foe a aacond tryoat* ibis rawrltism of tha sacond varalon 
vaa dona by <ma of tha taachara* 

mthin tha mm davaloping 9rottp tha topic *Haatharforacaat* baa baan 
daalt with rary diffarantly* Tha taachara vigra aora productiva in tha 
witinViprocaaa* lach ooa had vrittan tha draft of ooa lasaon* k faw 
optional parta bava also baan vrittan by thaa* This taachar-activiti 
vaa at thair own ra^at, but aftar having finiahad it, thay said that 
it had coat thas auch aora tia» than tha f irit aathod of daval^ing 
■atarial* Thay had anjoyad it vary nuch, but bacauaa of tha tl»a apant 
on it, thay did not kn<M if thay vantai to do tha aaM way a naxt 



Tha rasaining part of tha davalopoant of thii topic can ba coaparad 
with that of *your hoaa 



7 Final raaarka 

As pointad out in thia papar tha avaluation ia carriad out in m 
cXaaaic way* 1!hia waana that tha data which ara gatharad ara not 
aufficiant to cover all tha goali. Tha collactad data ara naadad to 
gat information for raviiion o£ tha natarial* 

Uo%ravar, tha goaXa which could not ba avaluatad by p«par->and-pancil 
taata, ara ^uit aa aoiantial for raviiion of atudant-aanuala and 
taachar-^guidaa* In this caia, wa think that othar criteria auch aa tha 
advica of axparta and judgaaanta of taachari ara alio relevant for the 
revieion of tha satarial. 



tiaMi. 



Raf. 



Caa^ball, D*T* Cxperiaintal and quaii-exparifMntal daiigna for 

and Stanley, J.c. reaearch* Chicagos S^nd HcHally, 1966 
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■H » plac« vh«re paptr fits into the educ«tlon«l systea. 
AtttobioqfficAl nof 

Z was born in 1944 And «ft«r having fini.ti^d ttcondary school 
(prt-univtriity adaettion) Z want in 1961 t9 Groningtn-ttnivarsity to 
study Biology. 

Z graduatad in 1969* During tha last yaars of study Z bacaaa a biology 
taachar insacondary aducatioo till 1975. 

rroM 1975 uptill non Z hava bean working as a sUffaaabar at tha 
Hational Instituta of Educational MaasursMnt (ato)« 
During this pariod z hava publishad a nunbar of articlas in tha 
BuUatin for taachars in Biology and in a bullatin for tha Scianca 
taachar Association in tha Natharlands about Biology-axaminations and 
objactiva^basca t%^ts« 

Also, a papar is bai)»^ publishad in World Trands in Scianca Education, 
Atlantic Instituta of Education, 1980 1 "Ihs Construction and Expa^ ^sd 
Bffsct of objactiva-basad Tasts on Curriculusi Daralopaact"* 
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OHIFIED CURRICULUM IN SCIENCE AND ITS TRANSACTION 
Ch«ndr»lekha Raghuwanshi* 
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1. BACKGROUND 



SS^S^^^H** recorondations of the Education CoBnission (1964-66) 

«»,Education, accepted by the Indian Parliament, .odifi- 
cations, in duration and content of subject disciplines wert inrt^tin^ tK. 
school 5tage^nearly « decade ago in Wwl S^S^i^ effSrt ^^ 'hS^! 
ever, not lade at other stages, particularly at th?«^^g?i5uatl 1^1 e^ept 
^?P) liS^L?^?^^ SIS^'"'' ^ « '^"««* Science fa^^^PrSjeS' 
Si iS^Ssi^ ^ ^ =fP«ison on the content of 

science education vh'*c.h.the under graduates studies during the 60s and 8n« 
revealed no Mrked difference both in the course contSrfnd ?h^ inJ?ructional 
^st^^r^n^?? ^''^ °" advancements aade in educational teJtaoiSS ^ ^ 
Restructuring of the courses became necessary in view of the introduction in th.. 
'^^Irir^^f ^'^"^ the ;;i0*2*3" p.tteiA'of eS^ti^ in 198riK,JSai^ed 
the duration of courses leading to the first degree in science for 3 vm« ,ftZr 

f?L iLr?^*^'!^'"""' ^ physical, biological and eariSlcie^es but 

?o S^TJ^H^^ ^ f '^'^t"}" "levant to the social needs and aspirations and 

J^aU^'ip V* ?^ '"i'**'' r^P*^'- different . ectors. 
Realising Jie need of curriculum reform in science subjects, the M P State 

^llVJtZ ^'•S" Co|»nission (SXC) ^tich is charged with the resjo^iibili^y of 
o is? f"* '=??'^'>»"«i!|8 «':«^«ic programes of 9 universitiefand over 3^0 
under graiute colleges undertook the task evolving a unifiea curriculuTfUCI in 

lolrFor^Se^^"tK''^?« recent'treSs in sdie"« IS ^^no" 

w ex«i?>let in the UC a large segment of tai^et poprlations - students 
md teachers - are covered with essential cost effeStivik. jtsrself-lMmiL 
'?S^'if«so'i'ih^T^ assessn^nt systems and teacher oliJniatiJ^.' nTV, 
l^re is also a shift from research efforts "to know more about less" to svstens 
approach where primary interest is in "getting together" theinfo^^tim In 
various.s,d,ject disciplines of the UC finding! of^reselrch stSieriJl^^flected 
ln'"nffl %^ ^ synthesis rathw thaS"n Slis.' 

In Biology, there is enphasis on practicua involving eatherinc of baric infnS. 
ation on flora applicable to environmental manag«ie5trS. in Ph?sics Ih^ 
suggested approacfi is to study the pattern of universe « Me r«he?'th^ 

SrfJSJt'io^S^^^?* "^'^ envircnBental conservation anT 

2. BUILDING UNIFIED CURRICULUM 
2.1. The process : 

^^c^^f^,^-^"^" that the task of evolving a conion and unified 
S^^^GC * " undergraduate level was under- 

* Dr. Chandralekha Raghuwanshi, 
Progranne Officer, 
State University Grants Cannission. 
E- 2/84, Mahavir Nagar, 
Bhopal - 462 014, 
Q Madhya Pradesh, INDIA. 
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The curriculum building process started with the study gro^xps beic^ set m> 

-S^ °^ science. Central boards of studies in each subject, 

wowing under the coordinated effort and administrative leadership of the 
SUGC %*cre constituted. The central boards, with nearly 23 members in each 
«wject, included Chaiiroen of boards o* studies of each university, heads 
of underg raduate and pont-graduate departments, national level experts and 
progrnne planners of t}« SUGC. The course building process centred around 
identification of objer^ive, key concepts and theaes which were ultimately 
woven into units. Eac^i p^r of a particular subject, having five units, was 
developed after discmsions in workshop situations. 

2.2. Th£ Course Des^.gn and Jhit System ; 

TJie fivst degree course includes Foundation Course and three core subjects, 
pe core subjects consist of three subjects of equal veightage. Each course 
ti ^ * semester basis and is prefaced with a brief statement of its 
objectives. Each course 18 divided into units and modules and there is a 
clear indication of the approximate number of lectures to cover each module, 
ine courses are designed in such a way that they survey intellectual 
history of the discipline, critically discusses its major frameworks of 
inquiry and analyses or highlight the major growth points, and where 
necessary and feasible bring out the possible implications and applications 
with reference to the Third World, especially India. 

2.3. Validity of Unified Curriculum : 

The Madhya Pradesh Universities (Amendment) Acl 1983 conteirolates cannon 
c?^ ^^""^5 ^^^''S? ^i^"" disciplines in all the univer- 

fi-i! ^ ^^^^ Pradesh. Thi5 J^parture presents a challenge and an opport- 

2^1* general agreement that the university syllabi adopted by 
!Sf universities for B.Sc. degree needs renovation, modernization 

and standardization; they do not cotpare favourable with the course offerings 
in the leading universities of the country. A lot of deadwood that persists 
in cur curricula either through its habit of mind or through intellectual 
1° ^ ?^u°^!» ^® "^^^^ S^^^ P^in^s in different disci- 
Si^ Sf""! V ^ higMighted, and attitudes of critical contenplation and 
equiry have to be developed. Simultaneously, there has to be mSification 
in the methods c. instruction and in the techniques of assessment. This requires 
ritualist of cosmetic approach to educational reconstniction : 
??«o?^^'^ 5° changes that are to be introduced. 

Gordon Kirk (1986) postulated a maaber of qriteria which a curriculum frame 
work should be expected to meet; reconsiling between national and local Govt 
between political responsibility and professional autonomy ; and between 
government initiative and institution based curriculum development. The UC 
Sft L^5^® J° some extent. Another three fold criteria developed by Hurd (1969). 
was found relevant in order to evaluate the validity of unified causes 
(IJ Course content validity was ensured by including basic concepts of science. 
^Vf If l^fi^' structure and proper eqphasis on investigatory and concept- 
ual phases of the science subjects; (II) Pedagogical validity has been 

by including suitable learning materfals concemiig particular age 
groiq>s of students, their effectiveness and leamability. These materials 

^^"^ developed at present in the form of self learning modules, 
c^v 1 • *^c- (i"^ Finally, the sociological and Philo- 

sophical validity is taken care of, to a greater e xtent , by eny hasisingtHe 
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relationship between them. The present concern for conservation of natural 
resources is an txaaaplt in this regard. For exanple, coo|)onents of environ- 
mental studies are included in biolog/ and chemistry subjects. 

3- laUKSACTZGN OF IHE UC 

Ko Mtter how innovative or modem the course content, unless its trans- 
action is effective and done in an orderly nanner, its objectives cannot be 
realised. The various prerequisites and iiqnits envisaged for the effective 
transaction of the UC include: availability of instructional time (day/hours); 
training/orientation of teachers; instructional materials and laboratory 
equipment; assessment of student perfoncance; monitoring and evaluation of 
the UC by way of follow-up studies. Let us have a close look at thes?. crucial 
aspects. 

3.1* Instructional Time : 

The nucsber of working days in an academic session, with holidays galore, 
was declining fast. With the assunption that the number of academic days 
will be around 130s it is estimated that the teachers will deliver about 
50 lectures each of 45 minutes* time duration in each paper and practicals. 
Flexibility and variation from this scheduling are, however permitted and 
e^qpected as well. 

3.2. Appropriate Pedagogies : 

The new education policy (1986) emphasis orientation progranroes in teaching 
methodologies, pedagogy and educational psychology for the college teachers. 
The teachers were oriented towards course design, methods of teaching were 
under graduates and basics of evaluation and tutorial and laboratory work, 
independent study, personalised system of instruction and TV lessons. 

3.3. Teacher Orientation : 

Teacher is the most single factor in reaching the student. According to 
Nickson (1971),'Vio curriculum reform can succeed unless the teacher has a 
coiiq?rehension of the goals of the programme and syii?)&thy with them, the new 

programmes can be vitiated by pedestrian ha» ^ing " The task could be 

handled by using jqppropriate methodologies of teaching. 
Workshops sponsored by the SUGC^ were organised in two phases. Under phase 
one, selected teacher.s of all science disciplines were invited at the univer- 
sity towns from university departments/colleges of all the nine universities. 
The Director of the workshop assisted by a nunber of experts and resource 
persons, organised the workshop at the university towns and was attended by 
nearly 40 participants in each subject. Care was taken to select 'bright 
and eminent' teachers for the first phase progranroe. The main objectives of 
the workshop was to acadamically equip the participants so well that they 
are able to iapart instructions in the courses to their students coc|)etently. 
Ccmcepts were to be esqplained properly by providing illustrations arS for 
this purpose group discussions were held to enable the participants compre- 
hend ideas clearly. These participants, on return to their colleges, acted 
as resource persons under phase two of the training programne. Uhder phase 
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tte Mnaining teachers of a particular subject, teaching in the 
^.Ti,- J • °^ " university were trained. The idea was to create a 

t^S?i'^ 'HfK^^ the be„,fit of orientati™ nay reach all the 
tt^ L?^r?i^t^-*^^ ^ B/aluation exp.-rts iere also imrolved 

•t.the two. orientation stages. All of these people subject exuerts 

resource persons, pedagogues and evaluation S^rts --lornS ST ' 

curriculum developoent teams. i-uiiwa me 

3.4. Assessment of Student Perfoiaance; 

rf^?n°l! SI ^'"^i^'*^ as the most i«portant ccqjonent the developoent 
?T S"?^'^! submitted to the Education Comdssion (1964-66), 

^"^^ convinced that if we ar^ to suggest any 

single reform in university education it should be that of examinatiSn". 

^^li ^ "'^^"^ ^ to incorporate 

^^?lf1o'^fJ!,^.J!;5°.^^ =valuatian «d assessm^t of studSSs!Qu;stion 
ISh m^Lf ^f!^ to cover the entire course. Each unit is to evaluated. 
SfShSffc ^yP«s of test items with suitable 

i^Jl°^5;*^''r type (20») (II) short answer type (20»); and essay 
type (601). These three types of questions were set from all the five units 

^ch'Im.^? ^/"^^^.S** ""^J; ^''^ P«P«« were preg^K 

each subject and circulated to all the universities for the guidance of 

1"^"- °l ^^r- P=y^l°8i' ' ^ e<^cationarSg°^ 
K^w ^-^"^ * ^ acceptance Mia than it was a decade ago 
admissions to the professional and vocational courses and^so for 
entry to the various .occiqjations. Therefore, it was thoudit appropriate to 

f?Srrof°tile'rcn'5^ "^^^ '''' ^ Sti,^ 

tramework of the UC so that these items may motivate the learners. 

3.5. Implication of tx: for the (^lity of Life ; 

The UC has been prepared keeping in view the demands of modernisations, 
stai^dization and renovation. The enriched courses in scie^? Sic^ 

KL ^ coSS.«e"^>r and Jeamers. The products of theiH^stitutions 
Sro^ ?heir'proSncy "«titutions of the country and also 



4. RESUME 



Sri^r^k^S^i^^*^ Educatici, adopted long back in 1968 by the Mian 
Parliament, had envisaged uniform structure, that is "lO+a+y pattern of 
education for all states of the country. Madhya rradesh, one of the largest 
states, started its inplementation in 1984 first at school stage then at 
theundej^raduate level in 198S. This led to the idea of evoiv^g a^ified 
S?"?*^ curriculum for the nine universities and its 300 colleges 
districts of . the state. The main purpose was to 
evolve and enriched curriculum by pooling resources. By coincidence, the new 
Mication Policy (1986) end its Progranne of Action (1986). were ilso tSkL.. 

*^ * "^Sf ^° ?t"dyi"8 its short and long term gSinVfor the 
^SfoS Sjr: """^ °^ °^ 
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(1) Pre-University System in my country (India) 

In India, a child is noimally admitted to class I at the age of S/6+ and 
he is expected to conplete Class vast the age of 9/20+ years. Class VIII 
at the age of 12/13+ years. Class X at the age of 14/15+, Class XII at 
the age of 16/17+ years. Undergraduate at the age of 21/22+ years. 

(2) Undergraduate Curriculum Development in Science Under the Science 
Inprovement Programme. 

(3) Auto - Biography 

DR. CHANmiEKHA RAGHUKA^iSHI 

Bom December 15, 1951; obtained B.Sc., M.Sc. (Zoology) Ph.D. (Zoology) 
from Vikraa University, Ujjain (India). Awarded CSIR Scholarship, 1972-74 
for post-graduate research taught undergraduate classes 1972-74; taught 
contant-cianoethology courses to B.Sc., B.Ed. /B.Ed. Classes in a College 
of Education of the NCERT, participated in extension, research and 
development prc^^ts, 1975-83; Worked as consultant in the M.P. State 
Environment, Planning and Coordinative Organisation, 1983-84; working 
as Progranne Officer in the M.P.State UGC since 1985 where I am assigned 
with the task of curriculum development at the undergraduate level ; Have 
published about 50 p^r/articles and two books on : (I) Educational 
Broadcasting and (II) Environment and Pollution. 
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EXPERIENCES IN CONNECTION 
iriTH TEACHING BIOTECHNOLOGY 
IN DANISH SCHOOLS 

Ole E. Heie (Institute cf Biology, The Royal Danish School 
of Educational Studies, Copenhagen, Oeranark) 

Im reduction 

The experiences derive from teachers and pupils, who have worked on new 
biotechniques and their influences on the community on the basis of the 
material described below. This material has recently - after testing - been 
published (Heie & Libner 1986-87). Our intention was to introduce the topic 
by means of. tested aids for teachers, so the experiences appeared as a by- 
product. 

The published material consists of 1) methodological teachors' guide, 2) 
teachers* guide to the movie "Children of the future" (directed by O.Nyholm), 
3) genetical background knowledge for the teacher, 4) information to be given 
to the children by the teachers, and 5) models for copying of transparent s, 
games and demonstrations. Literature for teachers and pupils is referred to. 

Experiments are not proposed because large centrifuges anO o^ber kinds of 
expensive equipment are not available, and also because they may be hazar* 
dous. It is, however, possible to imitate genetic engineering. Then cardboard 
boxes can be used instead of centrifuges £nd refrigerators, water with starch 
instead of bacteria cultures, pure water instead of various chemicals etc. This 
has been done in teachers* ecucation, but it is not appropriate to make cHl- 
dren understand the procedures. 

The contents are on account of the target group, viu teachers without previous 
education in molecular genetics and new techniques, primarily of biological 
character, but the main goal, as appears from the methodological guide, is to 
enable pupils to understand, discuss, and evaluate some important community 
problems and trends due to the growing biotechnological .nfluence. Accor^ngly 
they shall learn more genetics than previously regarded as necessary in the 
primary school, besides contributions from social studies and other subjects. 
The teachers need to be equipped for this task. 

It is recommended that the elementary education shall be subdivided into four 
phases: I) motivation-pha^r II) biological background-knowledge. III) pupils' 
work in groups, IV) tiiia! phase with evaluation. 

it is proposed in the guide that tne groups in phase III play roles, e.g. as 
reporters or parents. The pupils should have opportunity to read, discuss, evolve 
independent and balanced attitudes, reach to an understan^ng of the complex- 
ity of the problems, and be able to understand that attitudes ought to be 
based on insight and consciousness of responsibility. In group discussions and 
in phase IV (several alternatives are proposed in the material) they pass on 
to action, go on to explain and defend their attitudes. 

It shoutd then be possible for them to understand that change of attitude is 
respectable, and that different opinions can coexist. Tins understan(^ng is a 
very important goal. 

Aim of the naterial 

The aim of the material is to support teachers without special qualifications 
in teaching these subjects. It ought to be mentioned that biology is taught 
in only one or two weekly lessons in each of grades 3-7. Biotechnology is 
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probably most suitable for 9ih and lOih grades, where biology is not an 
obligatory subject. The topic has here its natural place in the subject "Actual 
orientation", where topics are taught with contributions from other subjects, 
but the teachers of "Actual orientation" have seldom been biologically educated. 
Arrival at altitudes concerning economic, ecological, sanitary and ethical con- 
sequences of biotechnology demand certain biological and technical prerequi- 

^ discussed in other papers (e.g. 

Heie ly85/* 

Kistoiy of tbe naxerial 

The first edition consisted of methodological and biological teachers' guide, a 
collection of newspaper artic' s, models, and transparents. It was tested by 
two teachers in 1984 in 8th grade. The movie formed part of the planned 
instruction. The latter rfeals with techniques as in-vitro-fertilizati<m, genetic 
engineering, cloning, screening of genes, selection, and manipulation of embryos* 
environments. It gives information of some research projects and the resear- 
chers ideas about future advances or catastrophies. The film is rather provo- 
King, and the main question raised concern techniques used on man, partly 
real possibilities, partly guesswo ^ This problem will be dealt with later. 
The second edition was made on the basis of experiences gained in 1984 and 
tested in 1985 m 12 classes, grades 9 and 10. The teachers' estimations in- 
fluenced the shape of the published edition. 

Evaluation of the first edit too 

This was tested in two 8th classes by teachers without professional education 
in biology. Both found that great interest in the topic arose among the pupils, 
but they also met several difficulties. The pupils' prerequisites for reading 
newspapers had been overestimated. The children found it difficult due to long 
sentences and choice of words. Training in newspaper-reading seems generally 
needed in school. o & / 

The relevance of the topic, the results of the lessons, and the applicability 
of the^ material were estimated on the basis of teachers' reports, the authors' 
visits in the classes, and the answers to some questions asked the pupils be- 
fore *nd after the lessons. Pupils' answers were few, 39 before the lessons 
began, ^5 after the end, and some pupils were absent during some or all 
lessons. Only a few of the answers shall be commented on. 

Amazingly many of the pupils answered in a way which apparently disclosed 
low benefit from the lessons or no benefit at all. Unguistic awkwardness may 
have had some influence on the result. It seemed for instance difficult to 
distinguish gene from chromosome. Satisfactory explanations of the concepts, 
given by 13X and 3%, of gene and chromosome respectively, before the lessons 
oegaji, increased to only 44% and 18X, respectively, afterwards. 
Playing a game illustrating protein synthesis (from DNA to a chain of 6 
amino acid^) lasted 15-20 minutes. When played for the third time it took 7 
minutes. The pupils declared that they easily understood the process, but 
found the play rather boring, at least during the third performance. 
Involvement and attitudes were more difficult to estimate than knowledge, but 
apparently more pupils made personal decisions after the lessons than before. 
To the question: "Are you indifferent to the topic?", 64% answered "no" 
before and 76% after the lessons. To the question: "Shall the government 
decide what genetical characters the individual citizen ought to have at birth?", 
46^ said no before and 80% after the lessons. An understanding of the diffi- 
culties connected with genetic engineering had arisen (before the instruction, 
26% denied that it was easy, 49% afterwards), but James Bonner Quotes in the 
wovie MuIIer's proposal for eLgenics through selection. To the question "Ought 
you to know more about biotechniques?" 82% answered yes both before and 
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after the lessons, so nmther indifference to the topic nor a feeling of having 
got too much information seem to have developed. 

Second ecfidoo 

On the basis of these experiences changes were made, linguistic ones, addi- 
tion of illustrations etc. The methodological guide should go more into detail, 
alternative teaching strategies be proposed, a more detailed teachers' guide 
to the movie * given, the differences between the mentioned techniques 
emphasiied and long newspaper texts omitted. The second edition was tested 
in 12 classes, ll of them grades 9 and 10. Here the subject was '^Actual 
orientation*', in some cases in combination with Danish. One class consisted 
of pupils from grade 8 and 9 having chosen biology a; a subject free of 
choice. Only the teachers* evaluation of the instruction and of the material 
shall be referred to here (see also Ubner 1985). 

the number of lessons varied from 16 to 32. The teachers used from 7 to 20 
hours for preparation. Phase 11 took longest time. This is understandable as 
the topic was new both to pupils and teachers. Pupils* interest varied from 
intermediate to large (each class judged as a whole). In addition to newspapers, 
other texts and radio and televi^on transmissions were applied. Half of the 
class or more showed large interest particularly in in-vitro-fertilization and 
genetic engineering. Phase II, the theoretical background, bored some pupils, 
but they also felt it necessary in connection with a topic which they felt 
exciting. Some others told they were interested in the background. Generally 
the teachers perceived a growing pupils* interest during the course, culmina- 
ting in phases 111 and IV, apparently more distinct in grade 10 than in 9. Some 
individual pupils showed loss of interest, while others reached to strikingly 
constructive involvement. The movie and Huxley*s "Brave new World" contri- 
buted to increased intercst. To show the movie twice, viz. in phase I and 
after phase II, was an advantage. 

The teachers judged the degree of difficulty of the topic to be intermediate 
in eight out of nine classes, and large in one class. Some pupils in each of 
the various classes said however that p)'ase II was difficult. The material was 
told to be easy or of intermediate difficulty to the teachers themselves. 

All teachers reported on pupils' increased insight and understanding of the im- 
portance of ehe topic. One said: "I realized from the pupilr* discussions that 
they had got a^ good understanding of the problems (especially the ethical 
ones) with which the biotechniques confiont us. They were quite ignorant 
before the course*'. The top*.o was judged relevant to both grades, most so to 
grade 10. Quotation: "Nobody in grade 10 are too "silly" to meet the blisses 
of the topic, but further popularization will not do any harm to the "weaker" 
pupils**. 

Remarkably often pupils expressed their attitudes in negative statements as: 
no intervention in the order of nature, no permission to any kind of research, 
no manipulation with human genes. Attitudes to genetic engineering on other 
organisms were positive or uncertain. One pupil said: **It has been exciting to 
learn about the topic. It is good to know whar is happening around. Many 
things gave me a shock, while others made me happy that tt has gone that 
far**; another one: 'Mt is probably the best topic we have had. I became 
slightly more clever". 

The structure of the material was estimated as suitable, expecially the com- 
bination of theory, AV-matertals, and proposals for continued work. Teachers 
said: "It gives a good background for a more professional discussion of the 
ethical aspects" and "A material so consistent that planning for each lesson 
is given....". 
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The critictl com m ems formed the basis of further changes when the third 
edition was elaborated for publication: further popuhriZAtion (no background 
knowledge beyond the necessary minimum), professional drawings of transpa- 
rents, some of them with additional sheets to place on top of them, and 
omission of newspaper texts (as teachers and pupils can choose the suitable 
ones better themselves). In the introduc;ior. differences between techniques 
were emphasized, imiso th:; differences between concrete applications, old and 
new kinds of manipulation with living creatures compared, and future possi- 
bilities, positive arid negative, outlined. 

Gomme&ts 

Among cources to misunderstanding the following three can be mentioned: 
1) confusion of one kind of technique or application with another one, 2) 
confusion of the real Ji reasonable possibilities with the f.uessed or science- 
fiction-like possibilities, and 3) too little knowledge of biological processes 
and old kinds of manipulation. 

Use of provoking material in the beginning, as e.g. the movie, may present a 
danger, especially when the teacher does not know very much about genetics 
and biotechnology. The interest in application of techniques on human beings 
can become dominant, while more current problems, e.g. production of various 
proteins by means of genetically altered microorganisms, ought to be in focus. 
It is important that the school imparts knowledge of the nature of scientific 
research to the pupils, so that they understand the uncertainty connected with 
predictions and evaluation of risks. 

Levelling of the gap between so-called experts and other people is wanted. 
Provoking material do not contribute to this process. The pupils' analysts and 
judgement of statements shall lead to balanced attitudes. They must be trained 
to compare benefits and risks connected with concrete examples of application 
on the basis of available information and to find out what further information 
they need. The school must introduce them into problems and tasks confronting 
the community. It is that every citizen knows enough to put the tasks into 
order of priority and to judge experts* statements. It would be an unfortunate 
event if people generally be reacting negatively. Though hesitations to applied 
genetics exist, expectations of the benefit from the new techniques should not 
be forgotten, e.g. in connection with environmental problems as exploitation 
of fossil fuels and pollution. It is a risk to say "no" or "I don't know" as 
well as to say "yes". 

The teachers need more help. In Denmark, in-service teachers' training goes 
on, and it is planned to produce further material for teachers and also for 
pupils. 
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Statements 

(a) The Danish "Folkeskole" consists of grades 1-10, each 
grade corresponds to one year, from age (6-) 7 to (15-) 16, - 
The gy/nnasium lasts 3 years, with entrance from grade 9 or 10 
of the •♦Folkeskole". After the gymnasium ths student can go 
on to the university, 

(b) The paper -fits into gr^ifr^s S-IO, 

(c) Prof, of biol. at Royal Danish School of Educational 
Studies in Copenhagen; uni v. degree biol,S< geogr . 1951 , Dr .phi 1 . 
at Univ. of Copenhagen 1967 (palaeontology and evolution of 
aphids), entomologist at Academy of Technical Sciences, virus 
ccmmittee 1.948-52, teaching at Skive Teachers' College 1952- 
El, visiting professor at North Carolina State Univ. 1961. 
President of the Danish Nat.Hist.Soc. from 1986. 
Publications; Fossil aphids (1967), Handbook of Biology 
Education I-II (1977-78, in Danish), Revison of the genus 
Nasonovia (1979), The Aphidoidea of Fennoscandia and Denmark 
I-III (1980-86), textbooks on evolution, taxonomy, 
entomology, and about 60 minor papers on zoology and 
education. 
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ASSESSING THE NEEDS OF INDUSTRY WITH RESPECT TO SCIENCE 

EDUCATION 



D.J. Rossouw ( South Africa ) 



1. INTRODUCTION 



The rapid, technological development in recent years has imposed new 
demands on education. Educationists have become mere and more 
concerned about the relevance of science education and there has 
been a strong movement towards the so-called STS (science, techno- 
logy, society) approach in which, according to Yager et al. 
(1981:12) the goals of science education derive from the interac- 
tion of science, technology and society. Paul DeHart Hard 
(1986:354) states that the "central problem is the gap between the 
existing school curriculum in science and the demands of living in 
a scientifically and technologically driven economy*'. 

Although it is not the task of school science to do vocational 
training, the school is an establishment of society and must cater 
for the needs of that society by preparing young people adequately 
for their adult life. * ^ . 



The problem of formulating aims and objectives for science teaching 
is not an easy one. Even the experts disagree widely amongst 
themselves as to which topics are relevant in science. Science As 
not free of values, and different persons have diffrent valwe 
systems. 

This paper is based on a research project which was undertaken as 
part of a doctoral study and deals with the determination of the 
needs of Industry with respect to science education in the Republic 
of South Africa. 

The project comprises three stages viz. a literature study, inter- 
views with a limited nuTflber of industries and a questionnaire study 
involving a representative sample of industry. 

Although a socially relevant curriculum should cater for the needs 
of the whole society, this investigation was limited to the needs 
of industry in order to make it manageable. 

The final part of the investigation, namely the questionnaire 
study, is still in progress. It is therefore not possible to 
provide the final results and conclusions at this stage. It is 
hoped, however, that these will be presented at the conference. 

2* LITERATURE STUDY 



As inferred <-> the introduction, it is very difficult to establish 
clear cut c^/.^cria for the selection and organisation of contents 
for a relevant science curriculum, mainly because of the great 
diversity that exists in the value systems and in the needs of 
different societies. 



By studying the curriculum literature, however, it is possible to 
identify certain common trends and ideas Which can serve as a 
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conceptual truit^ork for further research. A few of these ideas 
are the following: 

- Much of the traditional science teaching is ained at university 
entrance* In »any cases technology and applied science are 
erroneously regarded as inferior to pure or academic science* 

- The 'academic* doaination of many science curricula stem* ft?om 
the fact that industry was not represented on the coonittees 
which were responsible for the development of those curricula. 

- Although vocational trklning is not primarily the task of the 
school, education should be related to the vocational environ- 
ment to a certain extent* Students must become more aware of 
the use of knowledge to satisfy human needs, and they must also 
learn the basic skills of technology* (See Anon*, 1984:18)* 

Science education should be brcadly based and early specializa- 
tion should be avoided. 

- Science is a subject which is unique in nature. It manifests 
itself in the following three areas: 

* Science as intellectual discipline 

* Science as cultural activity 

* Science and its applications 

- In designing and developing a relevant science curriculxun, cog- 
nizance should be taken of situation variables such as the 
following: 

* The nature of the students - their preknowledge, cultural 
backgrounds, language abilities and cognitive development 

* The role of the teachers - their pre-service »nd in-service 
training 

* The availability and utilisation of resources and facili- 
ties 

* Teaching methods - teaching only has merit when it results 
in learning* Cliat we teach and how we teach are not 
independent of each other (Lewis, 1972:73)* 

* The examination system - which is almost always the 'tail 
that trags the dog*. Examination questions should relate 
to the aims and 'spirit* of the curriculum* 

* The needs of society such as manpower needs and the need 
for responsible citizenship* 

•The curriculinn model. Searles (1985:37), for instance, 
pointed out that "since the CircularConcensus model is 
concerned with societal issues and involves persons who 
have knowledge of the curriculum, students, teachers, the 
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role of icience and technology in society, and associated 
discipline!, it is appropriate for the development of a 
socially relevant anience curriculun". 

. Geographical and cultural diversity. What night be rele- 
vant to students in one part of the country, niflht be 
totally irrelevant in another. 

- As far as the goals and objectives of the science curriculum are 
concerned it is usually agreed upon that these can be clsssified 
sccording to Bloom's taxonomy into three domains viz. the cogni- 
tive, the affective and the psychomotor. The following general 
aims were formulated ac the Nottingh»n conference in 1982 
(Harriaon, 1985:225): 

. The atudent should understand that science and technology 
are sources of change in society, both in the short and in 
the long term. 

. The student should recognise that technological develop- 
ments, whilst based on scientific knowledge, depend for 
their usage on deliberate human decision; and are, there- 
fore, a responsibility of citizenship. 

As such the students should be encouraged to formulate and 
express their own informed opinions on these issues. 

. The student should be provided with, the necessary basic 
knowledge and skills. 

. The student shouid be able to apply the knowledge, skills 
and processes to everyday life. 

. The student should be stimulated through the learning acti- 
vities to develop creativity. 

. The student should appreciate that acientific theories are 
tentative and may be changed in the light of new evidence. 
These changes affect both, technology and society. 

In the project concerned the main purpose is to determine which 
aspect of knowledge, skills and attitudes are needed by young 
woi-kers for certain sciencerelated jobs in industry. 



3. INTERVIEWS WITH PEOPLE IN INDUSTRY 

The next step in the investigation was to visit some prominent 
industries to discuss the issue and to probe their views on science 
education. 

Although there was a diversity in the opinions of the persons who 
were interviewed, certain common ideas emerged which could be used 
in compiling the questionnaire, such as the following: 

- The important issue is not the syllabus content, but the way in 
which it is presented. Pupils must learn to tiiink and to apply 



their knowledge to everyday and unknown tituttions« 



Scientific principles and approaches are applied not only to 
laboratory experiments, but alao to larse ayatena in industry 
and many other real life aituationa« (See alao Hua, 1966:13), 

- Pupila should becooe sware of the fsct that not sll science is 
certainty* Due to the large scsle on Mch science ia applied in 
industry* sioatly under adverae conditiona of ttaperature and 
preaauTAf indua trial procesaea can be optiniaed but not perfec* 
ted. Industry haa to conatantly anawcr queationa auch as the 
following: 

« Which rsw msterisls can be vaed in the production proceaa? 

« Where and how can theae »ateriala be acquired in the aoat 
econooic way? 

« How can the raw material a be proceased in the noat economic 



- The syllabua ahould be broadly baaed and topica which are rele- 
*'*nt to everyday life are more importwt than specislised topics 
which desl with sp'scific indua tri si processes, 

- The educstionsl system often fsils to equip pupils with the 
essential skills such as s criticsl questioning spprosch whxch 
is important in busineaa, and aimple communication akilla, Thw 
natural acience and mathematica basia which ia eaaential for our 
technological aociety ia very often incorrectly targeted, (See 
Lloyd, 1985:81), 

, THE QUESTIONNAIRE 

During the interviews it was not posaible to identify the common 
needs of induatry with reapect to apecific knowledge, attitudea and 
akilla which ahould be icluded in the ayllabus. It waa therefore 
decided to draw up a questionnsire and to aend it to a repreaenta* 
tive aample of induatry in order to aaaeaa what theae needa are. 

The topica which were covered in the queationnaire are either 
topica which were identified as important dxiring the literature 
atu(}y and interviews, or topica which are included in the current 
core ayllfbus. The reaaon Tor including the topica of the current 
core ayllabua ia that the reault of the queationnaire atudy can be 
uaed to evaluate the current ayllabus in terma of its indu&trial 
relevance. 

The queationnaire was further atructured to make proviaion for four 
categories of wo::«, namely procea^ing, engineering, laboratory (R & 
D) and aalea and marketing. Each topic is evaluated in tema of 
its need for theae four cate^ )riea on a five point scsle, 

Unfortunstely the questionnsire study hss not yet been completed, 
but the final reaults will hopefully oe aubmitted at the conferen- 
ce, Copiea of the queationnaire will alao be available for thoae 
who are intereated. 
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5. CONCLUSION 



Xn order tc design a locially relevant curriculum, certain 
principles and criteria nutt be taken into account. 

By atudying the literature «nd interviewing repreaentativea from 
Induatry, it was posaible to draw up a <iuettionnaire which could be 
uaed to probe the needs of industry with respect to specific 
skills, attitudes and fields of knowled4e. 

llTt^r^T''' ^m^*''"'!!*'** ^'S*"^^ ^» "^^^ possible to fonwlaje 
criteria which can be used to evaluate the science curriculum in 
terms of its rclevanc* to industry. 

It i« imperative that young workers in industry «hould be able to 
use their common tense and be able apply their knowledge to 
practical situations. 
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TOE PRE-UNIVERSITy EDUCATIONAL SYSTEM IN THE REPUBLIC OF SOUTH-AFRICA 



The pre-univcr«ity education in the rsa conprises of 12 years of schoo- 
ling - seven years in the primary school and five years in the seconda- 
ry school. These twelve years are divided into the following four 
phasss of three years each: 

Junior Prlwy (Age 6/7 to 8/9) 

Senior Primary (Age 9/10 to 11/12) 

Junior Secondary (Age 12/13 to 14/15) 

Senior Secondary (Age 15/16 to 17/18) 

At the end of the senior secondary school phase an external public 
examination is written, which is called the Senior Certificate Examina- 
tion and to be able to enter university, a candidate must obtain matri- 
culation exemption in this examination. 

General matters such as examinations, norms, standards and t-urricula 
are dealt with by a central Department o/ Education, while particular 
educational matteiMS are dealt with by four state departments. 

A common core syllabus for each matriculation subject must be adhered 
to by all schools. 

This research project is concerned with the core syllabus for Physical 
Science (i.e. a cr-* Ination of physics and chemistry) in the senior 
secondary phase, i.e. the last three years of secondary school. 
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CORRELATION AND PROHABILITY - COMPONENTS OF SCIENCE 
EDUCATION FOR RESPONSIBLE CITIZENSHIP ? 

Carolyn Yates (The C.A.S.E. Project, King's College, London, UK) 



Science education Is believed Illicitly to be an liportant part of 
the foraal education prograsK in Vestem societies. There has been a 
»ove in England recently to critically reevaluate the role of science 
education and to redefine its ai» (S.S.C.R.. 19S3 p.2). The recently 
published "Science teacher's handbook" a.S.£.,19S6)gives soae reasons 
to Justify the place of science in the c»jrriculu2:- 

"Both science knowledge and science processes enable Individuals 



a) cope adequately irlth everyday life in a vociety peracated by 
technology (and) 

b) to aake a positive contribution to that society as vorkers and 
as citizens having inforned opinion on, for exaiple, mtters of 
envlronaantal isportance." (A.S.E. , 1986 p.3) 

It is this section b> that this paper irlll priaarily consider. I 
believe that one co^nent of science education aust be concerned with 
developing the processes of logical thinking <Adsy, 1987). The 
ability to 5?p'iy sone kind of logical data procescicK technique to 
sensory inputs is a valuable asset In an increasingly coiplez world. 

The Cognitive -Acceleration through Science Education pro<[ect 
(CA.S.B.), funded by the ESRC, grant no.C00232l79, and based' at 
King's College (KQC)| London, Is concerned with developing curriculua 
aaterials for secondary school pupils ol ele/en to fourteen years of 
age which will facilitate the developaent of thinking strategies 
character.'.stic of foraal thinking. The project uses an underlying 
Piagetian aodel to develop the aaterial by «king four ba«lc 
assuaptions:- 

1. A child's cognitive structure develops through both Mturation and 
experience. 

2. The developaent occurs through a series of sequential stages. Each 
stage arises fron tha precrding stage but is characteristically 
different froa it. 

3. The ?ichAnlsa for cognitive developaent relies on the experiences 

of the child being assiailated into his/her exlrting cognitive 
structure. If it cannot be assiailated then dissonance occurs and the 
child aust try actively to reconstruct his/her cognitive structure to 
sake sens^ of the experlmce. 

4. If the chf.ld can think in an abstract aanner in any one context 
then he/ahe is likely ^ to in another context, given the necessary 
experience. Conversely, if a child can not operate beyond a concrete 
level in a given context that child is unlikely to operate at a 
higher level in another context, i.e. the developaent of any one 
concept is Halted by the child's, overall level of cognitive 
developaent. 

These assuaptions ore treated pragaaticalljr^ by the research teaa, 
Q Indeed part of the overall aia of the*.j>r0ject is to test these 
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under lyin^ assuaptions about th« developaent of the cognitive 

structure in children. As Shayer states " the best way to study 

soMtUng <the relationship ' of science learning to cognitive 
davslopaent) Js to try and change it." i Shayer,lW6 p.237) 

V» C.A.S.jS. curriculum aaterial is designed to be inserted iitto the 
aorml science currlculua for eleven to fourteen year olds and takes 
Piaget's fcraal thinking schem (Inhelder snd Piaget 1956> as the min 
backbone for providing the children with eaiperiences i.e. the work 
•xplores controlling variables, fair tests, interacting variables, 
coabinatortial reasoning, probability, proportional reasoning 
(including inverse proportions), coi^ensation, classification and 
correlation. Karplus refers to these scheaa v "reasoning patterns* 
(larplus, 1079>. Each lesson designed by C.A.S.E. takes aprozla&tely 
one hour to teach. They are taught st a frequency of one lesson 
every two weeks. This is equivalent to about 25X of tiJie total 
science leaching tiae allocated vo pupils of this age. The lessons 
aia to give children a context in which to experience a particular 
type of reasoning pattern plus the essential vricabulary and then to 
bring thea to a. point where the solution of a presented problen 
requires abstx'act br forMl thinking. 

Vith a background in the teaching of biolof/ I bave been particularly 
involved with the work designed to help children experience the 
thinking strategies requ ired to undnrs^ and correlation and 
probability. That these should interest biology educators in 
particular is bom out by the fact that all the General Certificate in 
Secondary Education examination syllabuses (the exaal nation which has 
just baen introduced for aost english pupils to take at the age of 
sixteen) for biology I have s^en Tny a coaaon eaphasis on data 
interpretation. This involves the interpreting of graphical data 
and "connecting points by straight lines or lines of best fit" as 
well as the ability to recognize "patterns in data, including the 
recognition of variability in experiaental aeasureabnts and 
appreciation of its iai>ortance" (The quotations are singled out iroa 
the Zfcrthern Examining Association proposals for Biology G.C.S.E. but 
are n.presentative of aost boards). The data biological 
investigations yield ofien coae froo a situation wh6r« there are rany 
iiplicit variables d'le vo the variation Inherent in living a&teiial. 
Seplication of treataenta, and hence resjlts, is used as s aians of 
controlling for this variability i.e. controlling for chance. Indeed, 
researchers in the field of social sciences Jcnow a randoa 8aiq)le is 
essential for the conventional theory correlation coefficient 
estiaation to be applicable (Vood lfi86). Correlation and probability 
are not only iaportant to scientists but also to aany aspects of 
"everyday" life, particularly as represented by the aidia. Ai'eas of 
health and politic© are of particular note. The saart histograas that 
aagically appear on television news i^eas with a voice over that 
infcras you there is a significant relationship between the price of 
laab and the radiation leak froa Chernobyl, aedlcal research findings 
«diich show a correlation between AIDS and haeaophllia and so confira 
the transalsslon of the disease in blood, the links between cancers 
and the proxialty of hoaos to Luclear power stations, all are 
presented as correlation relationships. All require sn understanding 
of probability to assess the risks Involved and so »ke a decision 
based on the data presented. As Piaget (1058 p. 224) states " one of 
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tk« tsMntlal tmsks oi •xperlaental reasoning or Induction Is that oi 
•©ptratlng th« deductible fro» the randoaf. Teaching about 
correlation &nd probability helps science educators give people 

* A' basic understanding of statistics, Including the nature of 
risks, uncertainty and variability « 



*There Is ao such thing as absolute safety or zero risks. Sls^ 
and their costs always hav3 to be balanced and that aust be 
understood" (the Boyal Society policy stateaent,l986> 

Plaget's Investigations Indicated that children mtlll In a concrete 
stage of thinking had probleas looking for correlation patterns and 
although they had eleaentary notions of chance they could not mke 
allowances for randoa fluctuations or fcraulate a lav to account for 
chance patterns but Instead saw variation as due to a aultlpllclty of 
causes (Inhelder and Flaget, 1958 p.224-24). Adl, Karplus and Lawson 
(1978> suggested that It night be useful to give secondary school 
children experiences explicitly linked to exploring correlational 
reasoning In the light of their findings that a quarter cf their 
sas^le of colle'te students failed to solve what were perceived to be 
stralghtforwiird correlation test Iteas. 

Corrt>l atlon 

There are two lessons In the CASE repertoire which ala explicitly at 
helping children understand how we look for correlation patterns and 
to giving tfaea the language to use in future situations, and four 
lessons which explore probability. Before correlation can be 
understood there has to be an Inpllclt understanding of variation, 
otherwise the need to look for tho degree of correlation between two 
variables Is slnply not there. Interestingly, children of eleven 
years will quickly point out that a treataent involving living 
organlsns needs replication, e.g. to see if fertilizer works you aust 
grow soae carrots with fertilizer and soae without, explaining that 
if you only grew one carrot with and one without you Blgfat havs a 
carrot that would grow larger than the other irrespective of 
fertiliser application. So far so good, the children understand the 
nature of variability but they tend to sake a gross siapllficatlon in 
chelr analysis of the data. In seeing if fertilizer works the 
children (and probably aost adults) will only l:3ak to Me If carrots 
with fertilizer are larger than those without. Children will only 
state that fertilizer "works* if the correlation is very strong and a 
clear aajorlty of fertilizer grown carrots are obviously larger than 
those without. Vhen the correlation is weak but nevertheless positive, 
children will ignore the variability of the organlss that they were 
so quick to point out In the first place, stating that the 
fertilizer "doesn't work" or that they are not sure beacause they 
can't see a pattern between fertilizer application and growth. 

The CASB intervention lesson starts 'by allowing children to experlaent 
with a two variable situation. They explore the behaviour of woodllce 
vben glveii a choice betveen dark and light and then danp 7Qrsus dry 
conditions in a choice chanber. This eaphaslses and reinforces their 
earlier intervention lessons which concentrated on the language of 
variables and the notion of a fair test as well as fanillarlsing thea 
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♦rtth tht appwatu* and with gantlt handllas ot living organlHs. They 
•r. tBcour«g.d to rtcord thtlr ra.ults In a ayate-atlc and to pool 
J^iL^^ < *° "ndo>'«atura of variation In 

»odllc« behaviour. Thay ara then aaked to think about the 
^laatlon at .11 lour variables. The child mst operate In an 

!^«t Jm/.""^^ ""J ^* 'tructure ol the 

«^aet which rtio« how to coarpare conflr.Ing and dlK:onflr>ing 
caws. Is In all CASE lessons the child Is helped to focus 

^ security of direct observation and th% 

organising of his or her om results. If the child Is 
iT^ll wLL*° *?• for«l ».ntal oparatlon. encouraged by th* 
lesson h./she «iii have still calned experience In the concrete 
»rt f clUtataran und.rt«ndlng o" «e 

particular data processing strategy when It Is >at In a scientific or 
social science cont«t later on In tls/her «:hool career or In dally 

i I Iv v^i"^ correlation Is not used at all 

but the child Is learning the "feel- of the pattern. 

The second CASE lesson about correlation le a slaulatlon exercise 

^o^S m th4'«r^", ""t^" °* strategies tSey«r: 

StrL,!r.H » ^'f""- ^° -iiltlon, the tera -correlation" Is 
»«rf^ ^ . - f Imaginary experlaent Investigating the 

effect of a certain treatnent on a population of organlsnl are 

Jr«r~^f ^^t^T""*^ """"^l- .^"^ " OTB^nis» draw? on It .the 

llAl^lt «. ""PP"^* *° I-'" received and the effect of that 
treatnent. ne cards are sorted Into four piles and the results are 
scored In a two-by-two contlngoncy table slnllar to thlsi- 

TSUJrmf»rT 



?J i^b^o-^;, 1° ""P*" "1" • coMon attribute 

1:^: ^ / "° "y treat^nt had an affect because 

sore plants/anii«ls which had the treataent show an effect th«^ 
pl^./anl»ls that did not have the treat»nt". ^e results for eJ^h 

™„ i; f° • <=°-P»»-l»" of Just two CUB 

?i •ttrlbute does net reveal If the treatsent Is effective. 

- treatment does have an effect the children ust conure 
two pairs o; cells to sake two co^arlsons. As In the first le^n, 

dJ^Ionf«^if,L""P'" ^l*""" °* <:~"«^=S with the nusber of 
dlsconflralng cases using all lour cells {I.e. a+d/btc). 

2! °'-8"°l«^"8 tfa data In a two-by-two contingency table 

was used by Uwson, Adl and Earplus <ig78) In their Investigation of 
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correlational rtasonlns In adolescence and has been found to be useful 
oy tue C.A.S.E. team In helping children to organise their thinking. 

Green <1082> found that aany english school pupils aged between eleven 
?! V. w?**'^ *° appreciate notions ofrandooaessandthe 

•tabillty of frequencies or draw inference about chance occurences. He 
found little iaproveaent with age. On the whole the pupi: verbal 
ability was inadequate for describingprobabilistic situations. Re 
reconaended that practical work froa an early age/ using the 
■ethodology of guided discovery, was needed to iaprove children's 
probabilistic notions. Three of the C. A. S.B. probability lessons 
consist of coin and dice throwing exercises where the vocabulary of 
chance is introduced. By getting the children to sake graphical and 
tabular representations of the randoa fluctuations .they generate 
during the experinents, the children are encouraged to construct 
their own descriptive nodels which show the effect of increasing 
saaple size cn generating a pattern of chance* in their data (Shayer, 
1986). The fourth probability lesson gives pupils the opportunity to 
apply their notions of chance in a useful context. It is another 
slnulation exercise showing the way in which the size of an aniaal 
population can be estinated by using the "capture-recapture* aethod. 
The excercise also allows the pupil to see how accurate the aethod is 
'-^y allo-*lng thea to c^apare the estinated population size with reality 
i.e. testing the strength of their aodel. 

Adl et al (1978), like Piaget (1958), suggest xhat there is a 
psychological link between the developaent of undestandlng of 
proportions, probability ^ad correlational reasoning. The C.A.S.B. 
project teas also considers this to be likely and so the testing of 
the effectiveness of learning in children using C. A. S. - project 
mterial has not isolated perforaance in any one type of reasoning but 
rather has tested for overall Inproveiaent in reasoning. The 
correlation and probability lessons, like all C.A.S.B. aaterial, were 
first taught to two average first year classes in a PAcondary schssl 
in London by Philip Adey (C.A.S.B. Research Fellow) and ayself. These 
classes were tested against slallarly aatched control classes, both at 
the start, and at the end of a five-tera pre-pilot trial of the 
C.A.S.B. aaterial. The results froa this pilot study were very 
encouraging. They showed that our aaterial hcd a significant effect 
oa the cognitive developaent of the pupils in the experiaental group. 
The experiaental group's score on Science Reasoning Tasks (Shayer et 
al 1981) gained significantly whilst the control group aade no gain <»t 
all. All the CASB currlculua aaterial is at present being trialled m 
fifteen schools around Hr^^and. 

Ky own direct experience of teaching the correlation lessons and 
feedback froa the project schools showed that aost children were able 
tr use the teras positive, negative and zero correlation In their 
correct context and with a real understanding of their aeanlng. The 
probability lessons seeaed harder fcr then to get to grips with 
although I know of one Instance where the teacher aalntalns his class 
have understood the aodel of randoa fluctuations better than he has 
since they were very quick to spot an error he aade during one of the 
lessons. As yet there is no aore than an indication that it aight be 



154 



possible to ttacb elevts to tblrtesn year olds tbe a^ntal strategies 
required to understand correlation and probablXty aaongst otber 
reasoning patterns. So far tbe entbuslasd of tbe teacbers for tbe 
aaterlal and tbe pr^llsl'aary analysis of test data after t^e year of 
trials gives us ground.* for optlmlsa. ^Inal testing of all tbe 
cbildran Involved In trldlllng tbe aaterlal will take place In tbe 
suner of ig87. Part of tbe testing r^glae will Include a test 
designed to deteralns tbe level of cogi^ltlve ability specifically 
using probability reasoning patterns. Tbls new test bas been drafted 
by tbs C.A.S.E. teas and Is at present being trlalled and refined. 

Tbe C.A.S.E. lesson aaterlal on correlational and probabilistic 
reasoning reflect a deliberate attenpt to unify aatbeaatlcal learning 
and science reasoning and to facilitate tbe understanding of aucb of 
tbe data presented to cblldren In a biological context. It aay also 
aid tbelr developaent as reasoning i^lults vbo are better prepared to 
aake rational Judgeaents. Adl, Karplus and Lawson (1976) point out 
tbatj- 

"ICatbeutlcs courses typically enpbaslze nunerlcal and algebraic 
relations but do so out of context vblle science courses often 
engage students In data gatberlng activities but do so witbout 
capitalizing on tbe opportunity to apply tbe appropriate 
quantitative relations** 

Ibe lessons described bere are attextpts to capitalize on tbat 
opportunity. 

Many of tbe Ideas I bave presented are tbe result of long and 
fruitful discussions wltb Dr. Pblllp Adey (Researcb fellow for tbe 
C.A.S.E. project) and Dr. Xicbael Shayer (Director of tbe C.A.S.E. 
project). 
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COMKUNITY LEARNING EXCHANGE 
MODEL FRCGRAMFOR THE UTILIZATION OF COMHUNItv RESOURCES 

John H. Falk, Hi.D. I Lyim D. Dierking (USA) 



OvTvi^w 

HoMArd Countyv naryland has served as the focus for a 
National Science Foundation (U.S. )-f unded experiment called the 
Community Learning Exchange (CLX), designed to Improve the 
quality of education in the country by forging more cooperative 
relationships between people within a community. The CLX project 
Is an effort to deal with growing national concerns regarding the 
quality of education* science education* in particular. The 
premise of the project suggests that the "education crisis" is 
not just a problem of the schools. It Is a community problem* 
requiring- a community solution. CLX believes that communities 
are composed of a network of educational partners or sectors* of 
which schools are only one. Historically* it is only recently 
that children were educa\.r:! almost exclusively within a 
classroom. Learning neecfs to occur both with the classroom and 
outside of it* bivfure school and after school* cradle to grave. 

The CLX approach Involves empowering communities to better 
utilize the learning resources that already exist within the 
community by promoting a cost-effective* mutually beneficial 
network for the exchange of Information* personnel* goods and 
services between busln^«s and Industry* public and private 
schools* community organlziNtlons like the chamber of commerce* 
museums ind related Institutions* professional and trade 
assocl^tlv.^ s* universities* community colleges* tradk' and 
technical schools and tCie gereral public. Of particular int^r«st 
to th» CLX project iz ths drtvclcp.T.snt of p«rin»mips between 
schools and science-related businesses that foster better career 
awareness and a senne of the role of science and technology in 
present day society. 

Phase One of the CLX Pro4>et 

The Community Learning Exchange (CLX)* formerly r«f«rred to 
as the Community Science Project* began as a feaf^lblllty study 
sponsored by the Smithsonian Office of Educational Research 
(Washington* O.O* and conducted in Howard County* Maryland from 
the Spring of 198<» through the Winter of 1985. The feasibility 
year of the project Involved two distinct activities? 1) 
identification of a conmunlty (I.e.* Howard County); and* 8) 
experimentation with networks* partnership*; and community 
interactions. Projects Initiated Included a program cf field 
trips to local science-related businesses and lesearch 
facilities* summer jobs for science teachers* and an evening 
general public science lecture series. Af' >r a successful 
feasibility study* the next logical <step in t^e \^ovelopment of a 
national model was to move the project into a more Intensive* 
community-centered Implementation phase. 
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B6»/. or th» chamber* m America have an education committee. This 
'*fK ?K concern on the part of chamber., combined 

nn^^ fi presence in virtually every American community, 
potentially makes them a powerful mechanism <or national 
dissemination of the CLX model. 

Phase Two of th» CLX Pro^yr;^ 

,^?^^*""*'"y^ 1*^36. the second phase of the CLX model effort 
«^ M"'^'* Howard County Chamber of Commerce received 

monies from the National Science Foundation to conduct a two-year 
pilot effort. ' 

th* tr^hL?*''''!* ** * broker, or centralized mechanism, enabling 
the schools, for example, to better access the learning resources 
of the total community, particularly the science-related business 
community. Likewise, the experiment seeks to discover ways that 
the community, particularly the business community, can make 
^^Hn!^"*! P°*«"*i*l resources, such as those .mailable in the 
schools, human service community, and government. Over the last 
year. CLX has made tremendous progress towards these goals. CLX 
A^Ja^^^r"^ to revitalize the Chamber's Education and Community 
WlJ, Committee by coalescing the business community',, long 
standing interest in education and community affairs into a 
viable program of service and action. 

4. '^^o*"** «»"e currently two-fold. One. working from the 

strength of the Howard County Chamber's existing education 
^HH^r** expanding and improving them, and where needed, 

adding science education components* With CLX assistance, a 
number of significant projects have been expanded and improved. 
pk! J!*^*?^ L School-Business Exchange — CLX expanded the 

Chamber's "Day In Business" program into a program where not only 
students, but also teachers and guidance counselors, could spend 




Recognition — CLX took 
this traditional Chamber program and empowered the business 



ERLC 



158 



community toi for th» first timci d^fins for itself what th* 
criteria for ■xcsllcncs should bs« As « rssulti the criteria 
Iricludvd problem solving and crit ical th inking* Not 
murprisinglyi ths majority of this year's recipients were science 
and math instructors* CLX has also helped to initiate several 
new programs* One example is the offering of course for teachers 
(accredited by the State Board of Education)! which teaches 
educators about the busineus aspects of running « science-related 
firm* In all these effortsi CLX is attempting to make the 
community (be it businessi educationi government or private 
citizens) aware of the variety of science educational options 
Available to them and to assist them in getting involved in 
activities which are appropriate to their resources* This 
direction necessitates that CLX provide a 

clearinghouse/consulting mechanism for community-based science 
education effortsi in effect i :x network of community resources* 
CLX x% hoping to prevent duplication of effortsi more efficiently 
and effectively utilize community re^ourcesi andi in particular 9 
assist the business sector in coordinating and receiving tangible 
benefits from its community interactions* 

The other focus of the project is to work intensively with 
in elementary I middle and high school* Utilizi\»v^ the 
clearinghouse c<escribed abovei CLX is assisting these schools in 
accessing the necessary resources within the community for 
enhancing science ec^ucation* One of the primary efforts CLX has 
assisted in ar« career awareness programsi at all level of 
schooling! but particularly at the secondary school (ages 13- 
18) level* CLX has been instrumental in involving large number 
of area business peoplei including engineersi physic iansi and 
veter inariansi in these programs* CLX is accomplishing many of 
its school-based goals by working not only with teachersi but 
also department chairsi principalsi content supervisorsi guidance 
counselors! guidance supervisors! citizen committees! PTSA's! the 
school development officer! assistant superintendents and the 
superintendent of the public schools* Constant communication! *t 
all levels! has been central to our success at implementing 
greater community involvement in science education* 

Throught the CLX project! the Howard County Chamber thus 
serves as a broker /conduit for the schnol and busines9& 
communities! capitalizing upon its central) but neutral! role in 
the larger community networks The Chamber! via CLX! is 
f^acilitating both business originated projects such as the 
business communities' desire to recognize and reward outstanding 
educators! and school originated activities such as an elementary 
school's desir» to involve business people as speakers in a 
classroom* Whether business originated or school originated! the 
centralized function of the Chamber-based CLX network is to 
facilitate the attainment of these initiatives* 
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Prooongd Phase Three of the CLX Pro<ect 

We feel very good about the positive changes that CLX has 
initiated in HoMard County» Maryland. The necessary groundwork 
and infrastructure for continued and ir;proved science education 
activity in the community is being ^tntablished and we are 
confident that the CLX project will continue in Howard County 
long after NSF monies are removed. 

Inevitablyt a grassroots effort such as CLX involves a 
tremendous amount of modification ind refinement along the way. 
We have learned a great deal about what aspects of CLX worki and 
which do not. One of the major lessons is the type ci community 
that the CLX model is most likely to succeed in. Large cities or 
communities with major corporations and government 
infrastructure I appear to already have the necessary toolsi 
conceptual and humani necessary for effectively initiating and 
perpetuating educational partnerships. Snail to medium-sized 
communitiesi generally lack the infrastructure that major 
corporations and government provide. Hence, small to medium 
sized communities, a description that encompasses the vast 
majority of communities iand chambers of commerce) across the 
America (and the world), appear to be the bnst places for the CLX 
model to flourish. 

Phase Three of the CLX project would involve four years of 
additional funding enabling the further testing, refining, and 
dissemination of this idea. A three-tiertd process h4is been 
proposeci to the National Science Foundation: 

1) Continuation and expansion of the CLX project in Howard 
County with NSF support phased out after three years ^ By 
Year A the Howard County CLX would be self-sufficient; 

2) Initiation of CLX projects at two other local cihambers 
representing a mix of small- edium sized communitv^types: 

a) Charles County, Maryland - a community in transition 
from rural to urban* Charles County is at the initial 
stages of growth and will be much like Howard County in 
ten years* 

b) Talbot County, Maryland - a rural/light manufacturing 
county, with many of the same employment and education 
problems as other parts of rural America? and, 

3) Initiation of a major national dissemination component 
in yecrs 3 and ^ utilizing existing vehicles such as the 
U.S. Chamber and NSTA's Triangle Coalition. 

All three local Chambers (Howard, Charles and Talbot 
Counties) have expressed an interest in and commitment to 
participating in Phase Three of the CLX project* The Charles 
County Chamber has an Education Committee in need of 
revi tal izat ion, the Talbot County Chamber has no such committee, 
so CLX would be gaining moro experience in revi tal izat ion and 
also get the opportunity to establish an Education Committee 
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%4h«r« th«r« has b««n none* 

Very vimilar strategics would be us^id in each chamber to 
coalesce the business community! enabling that community to 
become a positive agent of change In the community* The CLX 
project Mould create a mechanism for that community to deal with 
its specific «cience education needs • by creating a network of 
communication between the various .sectors of the community* 

The first two years of the proposed project would enable CLX 
to replicate the How#'J County experiment in two new communities 
in order to gain crucial information about aspects of the CLX 
model which are generalizablei and aspects that are 
idiosyncratic* The additional two iterotions will also 
potentially yield new insights and strategies that were not 
apparent in the one community so far tested* The second two 
years of vhe project would be primarily devoted to the 
summarizing and distillation of the CLX model for national 
dissemination* Dissemination will include production of a CLX 
Handbook and a CLX Clearinghouse software program • and 
distribution of these through existing national dissemination 
networks (e*g*» N*atlonal Science Teachers Triangle Coalition and 
the U*S* Chamber of Commerce)* CLX st«.ff would be available to 
facilitate implementation in new chambers through a program of 
workshops and seminars* Funding for this third phase is 
currently under review* 
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Prt-Unlver»tiv Educ ational Cv«t»m 

Children attvnd school (co sulsory ^juWition) from th« «g*s 
of S through 18 — Kindergarten through lath grade. Many 
variation* ex^stt but the norm is for Kindtf»"aartMn through 6th 
grade children tc be grouped together <agec Z - 12) t 7th and 8thi 
and sometimes 9th gr«de childre^.i (agss 13 - l<»/SS;/f and 9th/l0th 
through I2th grade children grouped togvtt^/^r ClS^i6 - IB). The 
first grouping is considered ''primary'* tducation and the latter 
two groupings ar« r:onsider«d "secondary** (Kfucation* Any student 
who graduates from secondary school vnav enter post-secondAry 
education* There is a tiered systftm of post-secondary 
(university level > schooling! witn st^nf^ardized national tests 
playing a rolet but not absolute roldt in admission policy* 

CLX in relation t6 the Education Svstgm 

The CLX project cuts across all of these 1(. ^Isi 
Kindergarten through college* 

Autoblooraohical Notg 

Dr* Falk received a joint doctorate in biology and education 
from thr University of California* Berkeley* Since 197A he has 
i<<orked ir a variety t f administrativ\> and research positions at 
the Smithsonian Institution in Uawhingtoni D*C*i including 
Director of the Smithsonian Office o^ Educational Research* He 
is bpst known for his research cn learning in non-school 
settings* particularly museums* H'j is author/editor of sevvr«.^ 
books and- numerous research articlf^s in the areas of science 
education* psychology and ecology* He is Dl'-ector of tnle cux 
project* 

hs* Dierking is currently conipleting her dcctorate in 
science education at the Universtiy of Florida in Gainesville* 
She is Coordinator of the CLX project and hat. previously been a 
high school teacher* a scienctr museum educator f and a university 
level instructor and teacher training supervisor* Ms* Dierking 
has also been active in science education research and 
publ ishing* 
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INVENTING AND INVENTION FAIRS AS PART OF THE 
SCIENCE CURRICULUM 

Dr, Christine Kuehn (University of South Carolina 
United States of America) 

It is possible that any pro&'jm for which no solution has Deen 
found nay. in facte, be insoluble. More likely, the neans for 
solv^ns the problem is incomplete or inadequate and, therefore, 
some new and ori9inal approach is necessary. Progress, and perhaps 
mankind's existence itself depends on such new and original 
approaches to solutions which cone from the creative cr inventive 
process. These new 'ideas, as McCorraack (I98i) «ir.d Gilmore U959) 
point out, do not come from complex machines, ultramodern 
facilities or even money but from people. 

The Science Curriculum 

If the development of science curriculum is based on the 
precept that "science is what scientists do*, does the curriculum 
actuary reflect the precept in its entirety or is the 
interpretation perhaps incomplete? Scientists in creative 
endeavors develop knowledge. Knowledge, tuen, is the product of 
science nd the manner in which the product is obtained i he 
process of science. The translation of t^iis precept Ir.t -he 
curriculum too often focuses on the knowlejge and the process but 
omits the creative aspect c*f the development of that knowledge. By 
neglecting the creativity of science education, science becomes 
what Mo-avcsik (1981) calls a sterile manipulation of a set of 
rul es. 

A concerted effort was made during the I960*s to describe the 
process by which scientists developed knowledge. As a result of 
this effort, science process skills were identified. The science 
process skills that occur on most lists include: observing, 
classifying, communicating, predicting, measuring and graphing. 
Inferring, collecting and organizing data, identifying and 
controlling variables, making anc testing hypotheses, and 
experimenting. Creativity is not cxplicity included, although 
people who id^ntCfied the science process skills originally nay 
have considered it inherent in the entire sciencing process. 

Problem solving^ an important interdisciplinary educational 
goal identified by many schools, is often integrated into the 
science curriculum and logically so, since the development of the 
knowledge of science by scientists often takes some Form of problem 

1??; ^^^^ science process skills, however, have specifically 
Identified only one major problem suMng approach, experimenting. 
Skill's ^^^^ implicitly in the list of 

Inventing 

Recognizing the importance of creativity and the need to 
Involve problem solving in the science curriculum, 5t seems 
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appropriate to Include inventing, a very creative problem solving 
approach, to the curriculum. 

Inventing Is a dlvorgent proDlem solving approach concerned 
with a specific result while experimenting is a convergent, or at 
least predetermined, probTen solving approach concerned with the 
factors that affect the development of that result. 

An Invention Is something new or original - a new method, 
process, or device developed through Invtstlgation, Although it 
never existed until generated by the inventor, most Inventions are 
rarely entirely new* They are combinations of previously existing 
objects and Ideas combi ned In a new way for a new purpose* 
Inventing, therefore, can be defined as that process which produces 
someth^.ng previously unknow? by the use of Imagination or 
fngenult/* 

It j}ay be helpful to distinguish jetween discoveries, 
1nvent*jns and Innovations. Discoveries and Inventions are 
frequently an outgrowth of the desire to make a task easier or to 
fulfill a need. Discoveries are things which already exist and are 
found for the first time* Inventions, on the other hand, are 
things that did not exist and were created for the first time. 
Innovation Is a process of getting sooiethlng neWp a discovery or an 
Invention, adopted and implemented* ■'hen that Innovation extends 
human faculties, it becosies a technology* Inventions and 
discoveries have the potentiality for innovation out depend on 
various factors and often take place at the hands of someone other 
than the Inventors or discoverers* 

Inventing Is an Integration of & components: a science 
knowledge base; basic science process skills; creative thinking 
skills; visual thinking skills; and raj...*1 s^^ills* Just as. n 
greater science knowledge base provides more Information for the 
Inventor to utilize, development of all the components is 
Important, and when teaching, all must be addresLnd. 

If "science is what scientists do", then, perhaps, "Inventing 
Is what Inventors do*" That precept leads to the organizational 
outline listed oelow as the six steps of Inventing. 

Foundation steos 

1* IDENTIFYING a problem or need 

2* RESEARCHING former solutions to the problem 
Process steps 

3* GENERATING Ideas towards a new solution 

4* DESIGTilNG the l:>.ent1on 

5* CONSTRUCTING thw invention 
Concluding step 

6* PATENTING t^e Invention 

The foundation steps provide th^ background work for In/entlng. 
Identifying a problem may involve creative or critical thinking 
skills* The second step, researching, definitely emphasizes the 
use of analytical or critical thinking skills* The process steps 
are the active part of Inventing, the stops which actually generate 
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the Invention. Creative tnlnMng skills ^re emphasized. 
Generating Ideas, the «ost creative and perhaps exciting step, 
9lght :>e repeated aany times throughout thi process steps as a 
result of a trial -and-error Investigative approach used In 
des1p/<1ng and constructing an Invention. Patenting the Invention 
on1i^5Ccurs after t'^ Invention Is generated as a means of claiming 
ownership to the in^t. ition. 

Considerable time Is involved in the foundation steps of 
\.^vent1ng, especially for students who have llttVi or no experience 
with problem identification or research work and may r^t tedious and 
Inappropriate for beginners. The parts considered uost creative 
and exciting by students are the process steps. Althoush very 
1 1 ttl e simll ar 1 ty is found bptween thes ste^s and what 1 s 
typically Included In the science curriculum, students find these 
activities fun and regarding. Just as man.Y schoo*! lessons and 
projects are based on simulation cr contrived situations. It may be 
appropriate, when Initially teaching Inventing, tc focus on the 
process steps by provldinci inc problem or need In the form of a 
challenge. Orice ti>d students feel comfon^.ab1e with the process 
^teps, that Part of Inventing which actually generates the 
Invention, snd h^^ve experienced that portion of inventing several 
times, the other three steps might be Included to complete the 
experience. 

Another reason for focusing on the process steps Is because 
that part of Inventing Is not dependent on verbal ski11s« Students 
who do not excell In the more traditional, verbally dependent study 
of science, the reading of a textbook and the writing of reports, 
may flpd Inventing a very successful experience. Knowledge can be 
learned and applied. 



As science fairs are meant to reflecf* the sclencing process. 
Invention fairs can reflect the Inventing process. Generally 
speaking, the purpose of science fair projects Is to provide 
students with an opportunity to apply knowledge about a particular 
subject and demonstrate their use of the science process skills. 
The Intent Is to encourage unique or creative participation. 
However, most guidelines provided by schools or teachers are quite 
specific, providing a particular "science method" to follow and 
requiring a written report delineating the step*by-step procedures 
and conclusions. The projects can be creative as vfell as 
productive. More often, especially with elementary school 
children, students follow a cook-book style approach to 
experimenting and little creative thinking Is employed. 
Comp :1t1ve science fairs wnere the experimental projects are 
encouraged and rewarded foster critical thinking skills and 
Investigative skills. The non-competitive ;»c1ence fairs where non- 
experimental projects are as worthy as the experimental projects 
allow children to pursue an area of curiosity without emphasizing 
the science process skills* 

As an alternate or viable option to the traditional sclc^nce 
fair. Invention falrc can be o fun, exciting, and an educationally 
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sound addition to the science curriculum. Students have the 
opportunity to apply the principles of scienre in a creative 
scientific endeavor. Although open-ended gui^-elines aay De 
provided, aany students are encouraged to foster Investigative 
skills* Any nuni&er of investigative approaches aay be employed, 
although trial-and-error may oe used more frequently than other 
investigative approaches. Since inventing is a process not 
dependent on traditional literacy skills, invention fairs can be a 
fun- filled challenge and a very rewarding experience for a wide 
range of students from those with severe learning proDlems to the 
academically able. For the total 5.chool population as well as 
participants, invention fairs provide opportunities for students to 
experience, see deaonstrated, and come to value the creative nature 
of science* 



Humor, an additional, highly motivating factor, can be added to 
ths inventing experience when RuDe Goldoerg Invention Fairs are 
held. RuD9 Goldberg, a cartoonist, published many popular comic 
strips about Professor Lucifer Gorgonzola Butts, an absen^inded 
professor who kept coming up with preposterous inventions. 
Typi cal ly the cartoons presented a contri vance or method to 
accomplish an apparently simple task in an extreraeley complex and 
humorous way. When conducting this type of invention fair, the 
students may be given challenges such as inventing an automatic 
balloon popper, a means of watering house plants while the family 
Is on vacation, or a system for telling time. By capitalizing on 
the humor aspects, the anxiety felt by many students to invent a 
"serious" or "proper and scientiMc" inveatioK is relieved. 
Students enjoy and learn about invention strategies through ot^er 
students' inventions as well as their own. 



Inventing, a strong driving force in human affairs, anil perhaps 
the very foundation of civilization, causes chaiige, fievelopmRnt, 
and evolution in world affairs. Inventive thinking, therefore, 
should be encouraged for the purpose of solvin.q problems for 
humanity si net the key to many new products and inventions which 
wfll transfonn the environment and supply many of the netJs of 
society may well be the knoOedge of how to invent. Keeping in 
m^nd the irapo'-tance of creHivity in science, acknowledging the 
emphasis Jveifig placed on the incorporation of science and 
technology and problem solving in the new science curriculum, .nd 
recognizing that the aim of scicm.a is the creation and writing 
utilization of new knowledge about the world, it seems that 
inventing is a timely and exciting addition to science. 



Rube Goldberq Inventing 



Summary 
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Th? educational system In the United States of America varies 
from one location to another. Typically, elementary schools 
include kindergarten (age 5} and grades 1 through 6 (ages 6-11). 
Junior high or middle schools include grades 7 and 8 (ages It 13) 
but might span grades 6 to 9, High schools usually include graaes 
9 to 12 Uges 14-17). Most states require school attendance until 
age 16. Typically university accepiance Is based on the Scholastic 
Aptitude Test results and Mt^h school class rank based cn gride 
point average. 

The paper presented here addresses the science curriculum needs 
of elfeZientary and junior high schools but Is also applicable to the 
high school level. Three years ago, I .leveloped an instructional 
unit on inventing which was Involved in an experimental study on 
Inventiveness and the acquisition of the inventing process by fifth 
and sixth graders. Since that tfme, I have worked with elementary 
school teachers who were interested in Incov ^r/ating Inventing in 
their science curriculum for academically oifted students. 

Another area of research interest and publication focuses on 
chll dren* s conceptions of natural phenomena and chll dren* s 
construction of science concepts. 

Hy teaching experiences have been quite varied. I have taught 
self-contained classes (all subjects) for preschoolers [ages 3-5) 
and first graders. I have taught science courses at the high 
school level in a traditional system (ages 14-17) and for adults 
(age 20 and above). The past six years I have taught science and 
elementary education courses at the university level. 

The degrees I hold are as follows: B.S. in Biology, M.S. in 
Q Educition and from Purdue University, a Ph.D. ^n Science Education. 
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OOT-OF-SCHOOL SCIf^NCE ACTIVITIES IN CHINA 

Xiang Suyun (Deputy Director, Dept. of Children 
ft Youth's Affairs, Oiina Association 
for Science ft Technology, Qiina) 



Today, science and technology are playing an increasingly 
decisive role in every aspect of economic and social 
development. And the level and speed of development 
in science ind technology depend on the quality and 
quantity of science and technology personnel, which 
means they are closely related to the development of 
scientific and technological education. In China, young- 
sters ' -scientific and technological education is 
conducted in two ways: one is school courses which can 
lay a solid and systematic foundation for the studying 
of science, and play the major role in the knowledge 
learning and talent development? the other is out-of- 
school science education, mainly taking the form of 
science activities, which are a supplement to, an exten- 
tion and a further development of school education, 
and a important means tc identify and nurture t.*e scien- 
tific and ::echnological talent among the youngsters. 

One of the characteristics of China's out-of -school 
science education is that govenments of all levels, 
various unofficial organizations, and science associa- 
tions anc* societies are all sponsors or supporters in 
various forms of such activities. This paper is a brief 
introduction to the younsters' science work of China 
Association for Science and Technology (CAST) . 



A. General Survey 

China youngsters' science activities started from the 
time of the founding of the people's republic, and 
entered a period of unprecedented development in the 
80*s. 

Now# there are more than 8,000 children's palaces, chil- 
dren's activities centers, children's science centers 
and such institutions in China. The number of county 
level and above children'^s palaces has iiz^n increased 
from 92 in 1979 to over 700. There are sizable chil- 
dren's palacas, children's activities centers or science 
centers each of the 29 provinces, autonomous regions 
ana municipalities. In cities like Beijing, Sh.^nghai, 
Xi'an and Huhan and in Liaoning Province, out-of -school 
activity stations are set up in most of their neighbor- 
hoods thus forming a complete network with the municipal, 
district and neighborhood levels for out-of~school 
education. Many enterprices and institutions also have 
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or staticvis in thier residential areas. 
Some well-off rural villages are beginning to set uo 
such places for their children. The CAST has also st 

tL*nr>?,n^^ °^ specific fields through out 

including 15 in astronomy, 12 jn electronics 
and 33 in computer -science. China Chil^.ren's Science 
Center is being prepared, and 22 more 'icience centers 
are under construction with the help of tlie 0NICEF. 

The top organizer for the yhol<3 nation's voungsters' 
^i;f?Sr!n.t i""^^^*^ Leading Group of All China 

l:^^!^^^/. Science Activities which is r^de up of the 
f ^ officials from the China Assrociation for Sciencs 
and Technology (CAST) , th^ state Eviucation Commission, 
^iamiP^ Chine,se Comiuunist Youth 

^^v^nii^^,?""^^^S*e^^^f"^^°" °^ th« State 

Physical Culture and Sports Commission. the Group coor- 
dinates the different department!; in their work of 
?fi?o«! ^""^^^^^^^^f' studies and d-cides the major regu- 
"f. policies, ordanizes uemostrative nation-wide 
tu Vi-' commends outstanding science instructors. 
The office of the Group is located in the Dept. of Chil- 
dren Youth's Affairs of CAST. 

CAST, Kliich has 139 natural science societies, associa- 
tions and research inst:itutes, is a society of scientists 
and engineers. To express scientists' concern on 
nurturing science reserves, CAST takes it as one of 
Its major task to carry out the youngsters' science 

lTr^^^''^r^^°'^^^ ^''^IX^,^^^^ ""^^ Department 
* \ youth's Affairs which is in charge of 

organizing youngsters' s'jience and technology activities 
fh^^i^S^ affiliating organizations of the CAST. Among 
. K • "l^."-." science societies, associations and 
^?on^ institutes, I vant to mention the China Associa- 
tion for Youngsters' Science Instructors, it has 130,000 
members, through whom the Association keep contact with 
the vast science instructors and science teachers. 
Science instructors are the grass-root directors and 
»n!??i^t''i °5 various science and technology activities, 
mostly volunteers doir.g the work in the sparetirat , with 
only a small number as full-time instructors. 

The financial support of China youngsters science activi- 
ties is mainly given by the govenment, but also from 
i di la^^l donation by social institutions and 



B. Forms 



There are various kinds of out-of-school sciehc.* .iCLAv<- 
ties in China, such as science enthusiasts groups/clubs, 
sciece lectures, visits to the museums/ science halls, 
science surveys, science camps, the exhibitions of littl4 
inventions, contests of different certain subjects 
science invention contests, Science-Loving Month, etc. 



185 



169 



to ^h-^.?^ I ' """^ than 50 academic societies attached 
S*"^^ ^''"^ "rf/anized rich and multi-level science 
^*"P=,f°'^ y°"n^ ers. in accordance with different 
subjects - matheiratics, ptiysics, chemistry, astronomy 
Icii^e' ^'vL^r- ^""^^Fy- ?°tany, electrodes? comS 
Ir»win«' navigation, earthquake, survey and 

%U:^l{ ^cliM**"^/^""'', «"^i"n«'ent protection, agri- 
^«nSf?i science, medical science, solar energy, ship- 
hunnJn^' insects, ocean, nucleus, nachinf- 

building, light industry, etc. 

inrt *''j.t,nif"T '","y associations for science 

inftituM™=°l^' ^"f^ societies, and enterprises and 
nC^ rV,,.Mi4J" science cumps m accordance with their 
own capabilities and conditions. Thousands of Chinese 
teen-agers spend ' aeir unforgetable vacations in science 
school 'chil'^^r" " « nine thoilSSd 

Petroleum. Participated in the Summer canps of 

Leading Croup of All china children's 
Science Activities has held contests of science discovery 
and invention by youngsters every two years. Such 
contests are also held at the provincial, district, 

and fo°rm"i/„- i^^'l i' ""H^ becoming a regular practice 
and forming. a whole network, through which outstanding 
wotKS are discovered. In some cities, such as Tianiinq! 
school are founded to train those vho are particularly 
interested and talented in science discovery and inven- 
tion* 

-Science-Loving Month- has been started in many places. 
During that month, every children is called on to go 
to a popular science talk or a science film or exhibi- 
^'v""^ * ,^.i°9^^P*^y °« a scientist, or is encouraged 
to make some little invention, or do a little experimert. 
This has turned out to be quite a success • 

C. Effect 

In recent years, there raised a great upsurge in "study 
of and love for science- among Chinese youngsters as 
^iV^%"^^ °^ ^^^^"^ ^^^^"^^ activities. In"" Beijing, for 
"^"^ ^ million primany and middle 
sc.iool students attended various activities in each 
I'ltTlV^''^''^ Month-, ir, Miluo county, Hunan Province, 
.^^^ economy is not vary developed, all the primany 
" "^*f^. school launched agricultural/biological 
science activities linked with the Mocal conditions. 
Some of the children who attended the earlier science 

^ho^L^^I^^^ . the work about which 

they developed an interest there. 

P^^^^^ 13th Geneva Interna- 

tional Youth and New Tech Exhibition and the 3th Tokyo 
International Youth Discovery Exhibition. Since 1985, 
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China has sent students who were winners of the national 
contests of the same subjects to take part in the Inter- 
national Mathematics and Physics Olympiad. They won 
3 first prizeSf 1 second prize , and 1 third prizes at 
Mathematics Olympiad and 1 second prize and 1 third 
prize at Physics Olympiad in 1986. 

Your^gsters* science and technology activities not only 
raised their rwn science quality, but also benefit the 
society. 

First of al} , since the contents of youngsters* science 
and technology activities are mainly focused on the 
development of local science and economy and those public 
concerned problems, they can help the youngster get 
interested in tiie modenization of their motherland and 
subjects such as environment and energy resources, and 
develop in them the desire to survey and conquer the 
nature from childhood* 

Also, a large number of scientific reserves are growing 
up who will be the fresh activists of our country's 
science development in ten or twenty years* 

In addition, various Kinds of science and technology 
activities have enriched the youngster's life after-class 
and is good, for their self-cultivation* Chil?*.ren tend 
to give up their old bad habits after taking part in 
the activities of science enthusiasts groups* This 
is not rarely seen in China* It shows that it may be 
one of the answers to the problem of juvenile del in- 
quency* 



Through years of practice, we came to realize the 
following few points which should be taken into 
consideration in order to achieve success in out-of- 
school science and technology education* 

1* Out-of-school science and technology education is 
different from formal school education by its indivi- 
dualistic feature* Youngster may select the activities 
of certain subject in just accordance with their own 
hobby and interests and unnecessaryly to be consistent 
with others* Thus, it provides a good chance to identify 
and nurture everyone's characters, strong points, and 
interests* 

2* In such activities, children have, to use their both 
head and hands* A youngster who wants to make a model 
or do a scientific survey must finish a whole process 
which is something like the real process of scientitic 
and technclogical work from working but a plan, puting 
it into effect, and analysing and evaluating the results* 
During the process, they will meet many difficulties 
and will enter a new step after they overcome even a 
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very small difficulty. This is very important to develop 
their abilities of thinking independently in solving 
problems* 

3. Though the knowlodge of certain subject which young- 
ster's science and technolot ' activities touch upon 
is elemantary, but it is more systematic, specialized, 
and practical than thj school education, and therefore, 
it can ieepen those young enthusiasts* Jaiowlodge in 
the subjtict* 

4. Becauce they are true in nature and open for choice, 
the youngsters • science and technology activities help 
*>ring children closer to nature and social reality. 

Ctiina has made a lot of efforts in the past few years. 
"But China is still a developing country and limited 
in its education, science, culture and economy as well. 
And there is much to do. 

We are willing to cooperate with the international 
organizations concernea , learn from the experiences 
of other countries, and try our best to do a better 
job in out-of-school science and technology activities. 

Thank you. 
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Xiang Suyun: 

Graduated from Moscow institute of Textile in 1955 
director? engineer, afterwards the deputy 

Prom 1984, she has been Deputy Director of Dept. of 

Sr^'^of'^PK/";^" and Dept. of children 4 Youth^s 
Affairs of China Asssociation for Science fc Technology. 



THE PRE-UNIVERSITY EDUCATIONAL SYSTEM ON CHINA 
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TECHNOLOGY AND RESOURCES: MODERN CHEWSTRY AND SECONDARY SCHOOLS 

Graham Nclroney, 
Chemistry Co-ordinator, 
School of Applied Science, 
Phillip Institute of Technology, 
Bundoora, Victoria. 3083 
Austral 1c 

THE NEED: 

Tachnological development hzs made it increasingly difficult for 
cheSistry ^"^^^""^ ^° students the modern applications of 

^?m^^^^^n"^"?^"^ !^ glassware and chemicals, t-achers are 
still able to involve students in the world of test-tube, burette 
colour, gas and flame. But in modern chemistry there is a whole new 
world of mars spectrometer, gas chromatograph, atomic absorption 
spectrophotometer and microcomputer which is barely accessible to the 
^oSJ .'H^ipS"?''; can be told about or can read about the 

?e ^^J^r?'"'"^^ ""d. In soRie cases audio-visual 

material s available, but students are not able to be given 'hands 
on experience. Even the simplest of instruments are well beyond the 
DuC;Ci,» Of seconda/y schools. 

THE RESPCNSR: 

Phillip Institute of Technology is a multi-discipline college of 
advanced education with over 5,000 students on two campuses sited in 
J. I'J^S^tu'*".^!!^"'*^^ °! Melbourne, Ausf-alia. Its Department or 
Applied Chemistry provides professional degree and diploma courses in 
chemistry in addition to service courses in chemistry for other 
disciplines, particularly the health sciences. The laboratories of 
the Department are well-equipped with almost all the modern 
instrumcntdl techniques. 

During 1977 a local High School contacted the Department to enquire 
whether he:p could be provided in the form of a number of chemicals 
which it needed urgently, and had been unable to obtain. In 
discussion that followed. It became apparent that the resources of 
the school to undertake any reasonable laboratory program for Its 
senior chemistry class were minimal for a number of reasons outside 
the control of the teacher. Subsequent enquiries revealed that this 
situation was not unique to this particular school but existed to 
varying degrees In five other local schjols contacted. 

The Department resolved to make Its laboratories and the expertise of 
Its staff available as resources to the schools. The effort 
commenced in 1978 when the six schools with about 40 students 
performed experiments at the Institute. The Program proved very 
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successful and attracted the attention of other schools. 8y 1984 
participation had increased to 23 schools and 428 students. 

Reduced funding for education had aade It more difficult to maintain 
the Program and it appeared that it would have to be curtailed, but a 
grant from the Australian Government' S'Equity Prog-am solved the 
problem for 1985 and allowed expansion to asitist 25 schools and 534 
students. In 1986 participation was 22 schools and 438 students. 



The Program is now established with the following objectives: 

1. To enrich the chemistry education of senior secondary 
students by making available equipment and facilities to 
which they would not normally have access. 

2. To promote the profession of chemistry to these students. 

3. To show tiie importance of chemistry in our society to 
students who will themselves not necessarily become 
scientists. 

To allow the students an opportunity to experience first- 
hand t'le tertiary teaching environment. 

The K'ogram provides students with a familiarization of chemical 
1nstruft.«^ntation by enabling them to perform experimcntc in small 
groups uivc^sr the guidance of staff of the Department of Applied 
Chemistry. The experiments are designed to relate to a final year 
secondary chemistry syllabus option called 'Analysis with a Purpose*. 

Each expiir^ment is designed as a problem-^solving exercise In modern 
analytical chemistry. The students are told the analytical problem, 
and shown how to use the instrument/apparatus to obtain a solution to 
the problem. The students then use the equipment (under supervision) 
to obtain data. Subsequently they use the data to solve the 
analytical problem. Examples are chosen which are close to the 
student's experience, relevant to the real world, and have an obvious 
impact on society. Other applications of the technique are discussed 
with the students. 

One hour Is spent on each experiment. The students, in groups of six 
or seven, each perform five experiments of six offered: three in the 
morning, two in the afternoon. 



EXPERIHENTS OFFERED: 
Nats SpectrjMtry 

A gas chromatograph - mass spectrometer is used to separate and 
identify the components of an Industrial solvent mixture. A computer 
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is used to analyse the data. The students are also provided with 
sufficient data to determine the atonic weight of chlorine. 

Thin-Uyer ChroMtogrtphy 

Thin-layer chromatography is used to separate a mixture of 
anisaldehyde and benzaldehyde in solution. Microscope slides are 
used. Applications in the synthesis of organic conpounds are 
discussed. 



Sas-^Liquid ChroMtogrtphy 

A Mixture of alcohols is separated and analysed us^*-ci a gas 
chro«atograph linked to an integrator. The alco! . content of scene 
wines are determin'*^, 

Atoatc.Absorption Spectrophotoaetry 

Students are asked to bring samples of tap wajv rrora their school. 
These are analysed to determine the concentration of copper using an 
atomic absorption spectrophotometer. Lie levels are compared tc 
those reconwnended by the World Health Organisation. 

Visible Spectrophoto«etry 

A visible spectrophotaneter is ysed to look at the basic principles 
of spectrophotometry and the origin of colours. The concentration of 
iron in a simulated river water sample is determined. 

Infrared SpectrophotoMtry 

The chemical composition of renal stones is examined using an 
infrared spectrophotometer. Differences in compositio of stones 
from different patient-; are noted and related to diagnosis 4Rd 
trect'oent. 



EVALUATION: 

Both student-centred and teacher-centred evaluations have been 
carried out. These indicated thai the objectives were achieved. 
Both teachers and students were enthusiastic hHiout the Program. 

Student QuestionMire 

For a majority of the students thr Program provided a number of new 
experiences. Almost half had never been in a chemistry laboratory 
outside their own secondary school. 59X of the students had never 
been in an Instrument-equipped laboratory. 64X had never been in a 
chemistry laboratory in a tertiary teaching Institution. (30X were 
on their first visit to a tertiary teaching institution). 
Oisappointingly, 83X had never been in an Industrial chemistry 
laboratory. 
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The students felt the Program contributed to their understanding of 
chemistry. 881 said it Mde then wort aware of the applications of 
chemistry. 86X said it helped then understand some chemistry 
previously studied in class. 79X said the Prograi was 'good' or 
'very good' value to their studies; only 2X said it was 'ooor' or 
'very poor' value. 

Questions were asked to test whather the objective 'to promote the 
profession of chemi^.try these students' ws achieved. 41X said 
the Program made them more likely to study science beyond secondary 
school and 31X said it made them more likely to choose a career as a 
professional chemist. This was encouraging jrtien only 12X said they 
were positively contemplating a career as a professional chemist. 



Asked to score the Program for their personal enjoyment of the day, 
70X said 'good' or 'very good' only 4X said 'poor' or 'very poor'. 

Crosstablilation by sex showed that males and females came with the 
same prior experiences, and responded in the same way to the Program. 

Teacher Questioiinaire 

The teacher questionnaire was of open design and asked the teachers 
to evaluate whether the objectives of the Program were important and 
whether they were achieved. 

It is clear that the teachers believed that the Program was valuable, 
giving it 9 out of IC for both value to their teaching and value to 
tf *ir students. All teachers said they wanted to participate again 
next year* 

There was unaninous agreement that the first objective was important 
and that the Program achieved the objective. The comments of one 
teacher are typical: "Much of the information given in schooi is 
very descriptive and demonstration of certain techniques is necessary 
for better understanding. Lack of access to this equipment puts the 
students at a disadvantage. The Program not only shows the students 
the sophisticated equipment used by chemists but gives them 'hands- 
on' experience of it". 

The teachers also agreed that it was important 'to promote the 
profession of chemistry to these students'. 19 of the 25 teachers 
•surveyed felt the objective was achieved saying that tfe emphasis on 
practical applications, problem-solving, and relevance to society and 
the opportunity for the students to meet "real chemists" were the 
inportant factors. 

All teachers agreed that the third objective was important. 17 of 
tfte teachers said the the Program achieved this objective by showing 
real applications of chemistry to industry and society. Several 
teachers commented that even more emphasis should be placed on this 
objective. 
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Host teachers concurred on the Inportance of the fourth objective and 
13 said it was achieved. 

AQCHOVlfDCCICKTS: 
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EOUCATIOKAL SYSTER 

Australia Is a Federation of six States. The States have 
responsibility for pre-university education. In genc/al, education 
1$ co»pulsory to the age of 15 and the system Is as follows: 
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Traditionally, the State of Victoria has provided two types of 
secondary school: 'high' and 'technical'. Recently there has been a 
aoveinent toward provis-jon of comprehensive secondary schools offering 
a wide range of curriculuw options. There is also encouraganent for 
secondary schools to form clusters with a number of campuses 
providing Years 7 to 10 and one campus offering years 11 and 12. 

Students may enter a College of Technical and Further Education from 
Years 9 or 10 to begin a trade course or from Year 11 to begin a 
technician certificate course. Entrance to tertiary Institutions 
(universities and colleges of advanced education) is from Year 12: 
selection is oenerally based on performance in that year. There are 
a number of alternative fear 12 programs, but the majority of 
students study five subjects from a list of 56 which are externally 
accredited. The subjects have a core content which is externally 
assessed (60X) and optional content which is assessed by the school 
and statistically moderated. From 1990 a new system is proposed to 
be^introduced. Students will study 24 semester units over Years 11 
and 12. 



THIS PAPER 



This paper describes a Program, developed by a college of advanced 
education, which alms to enrich the chemistry education of Year 12 
secondary students. 

BIOMAPNICAL NOTE 

Graham Mulroney graduated with a Bachelor of Science degree from 
Monash University in 1968. In 1973 he completed the Master of 
Science degree from the University of Melbourne with research in 
Radiation Chemistry. He Joined the staff of Phillip Institute of 
Technology In 1968 and in 1986 was appointed Principal Lecturer and 
Co-ordinator of the Department of Applied Chemistry. His Interests 
include tertiary chemistry education, the interface between secondary 
and tertiary education, teaching/learning strategies (particularly 
personalised instruction) to overcome the problems associated with 
the variable background of students entering tertiary education, 
methods of making the resources of tertiary institutions available to 
secondary schools, and tho teaching of chemistry to students k•^o are 
training for other vocations (particulary the health sciences). 
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STODEKT PERFORMANCE IN INTRODUCTORY CHEMISTRY, MATHEMATICS AND 
BIOLOGY COURSES AS A FUNCTION OF COGNITIVE STYLE, GENERAL LEVEL 
OF INTELLIGENCE, CONSERVATION OF WEIGHT, CONTROL OF VARIABLES, 
PROBABILISTIC, COMBINATORIAL AND PROPORTIONAL REASONING 

^iansoo^ Niaz (Department of Chemistry, School of Sciences, Universidad de 
Oriente, ^artado Postal 90, Ooana, Estado Sucre, Venezi2e?a) 



iNnoDucnoH 

Recently theze has been considerable debate about the dcroain of 
science education. Gocd, Herzon, Lowson and Renner (1985) define 
science education* as the discipline devoted to discovering, 
developing and evaluating inproved methods and ntaterifOs to teach 
science* i.e., the quest for knowledge* as %jell as the knowledge 
generated by that quest*. On the other hand* Yager (1984) defines 
science education as "the discipline concerned with the study of the 
interaction of science and society — i.e., the studty of the inpact of 
science upon society as well as the inpact of society upon science*. 
According to Yager (1985) defining science education as a discipline 
concerned with the interface of science and society* does not suggest 
that knowing how hurans learn science is not important; rathsr it 
broadens the doiain of science education by looking at what scientists 
do* ytat they know* how they interact with sach other and the zest of 
society* %Aiat the linuts are concerning their knowledge and actions* 
and how science has prognessr throu^ the ages. Sindlarly* Good* 
Herzon* lawson and Renner (19t recognize that* *A central concern of 
science education should be dev ping a better understanding of how 
scientists and people in general ^am to guest for knowledge in order 
to help diildren learn. Part of that concern ndght involve the effects 
on students of a science curriculisn that enphasizes the inpact of 
science on society and vice veirsa*. 

Inspite of the important differences in the points of view of the 
two gnxps of science educators* dted above* it is clear that science 
education has an inportant role to plAy in the developnent of 
responsible citizens especially when dealing with controversial 
societal iss?jes. The inportance of fornal operational reasoning 
patterns for the advancement of a democratic society based on the 
participation of a *thin)dn9->reasoning citizenry* has been recognized 
by various authors (e. g.* Arons and Karplus* 1976). In a recent 
review Lawson (1985) has enphasized the inportance of students* 
reasoning abilities as a central purpose of science education and 
concluded that the Piagetian foznel operational reasoning represents a 
general node of intellectual functioning \4iich in turn consists of 
identifiable reasoning patterns sudi ost control oi? variables, 
proportional reasoning* oonbinatorial reasoning* etc. 

In recent years various studies (Barnes* 1977; Cinquepelnd* 
Ibgli-Muciaccia and Picciarelli* 1935; Kerzon* 1984; Johns tcne* 1986; 
Kenpa and NidioUs* 1983; lawson* 1980; Lowson* 1983; Niaz* 1985; 
Niaz* 1907; Niaz and Umson* 1985; Shayer and Adey* 1981; Stewart* 
1985) have shown the inportance of different cognitive factors 
(including the fontol operational leasoning) for science teaching 
and their relation to student success. Few studies* however* have 
explored the relation between the different types of fomal reasoning 
(e. g.# proprtional* conbinatorial* etc.) and student perfoanunce in 
different science courses. The objectives of this study ares a) 
O Establish a relation between student perfomanoe in introductory 
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university level (dsardstxy* ns^iMnatics and biology courses and 
oaiservation of weight « oontxol of variables « probabilistic* 
OGRbinatorial and poxportional reasoning; and b) Evaluate the relative 
ifl{)ortanoe of OogFUtive Style (WitJdn's Field d^iendenoe/Field 
independgnje)» General Level of Intelligence (Raven's Fzogressive 
ttotrices) and the different foznal operational reasoning patterns as 
predictors of student success in chemistry^ nathematics and biology 
courses* 



Three hundred and twelve freslnen students (Ss), mean age 18*5 
years (SD ■ 1*4) enrolled in ten sections of Chemistry I (science 
majors), at the Uhiversidad de Oriente, Venezuela, were pretested at 
the start of the senester to determine the following predictor 
vari ablest 

a) Fbrmal operational reasoning t A modified version of the Lauson 
(1978) Classroom Test of Fomal Reasoning and the Test of Formal 
Operational Reasoning, T0K3R (Niaz, 1985) «ere ised to assess 
formal reasoning patterns Ihe lAoon test iixrludest 4 items of 
pr op ort ional reasoning, 4 items of control of variables « 3 items of 
prob^ilistic reasoning, 2 items of conbinatorial reasoning, 1 item of 
displacement of volume and 1 item of conservation of veight* Ihe TOfOR 
consists oft 5 items of proportional reasoning, 1 item of probabilistic 
reasoning, 1 item of conbinatorial reasoning, 2 items of conservatiui 
of vei^t and 1 item of spatial relations* Split-Iialf reliability 
coefficients of the lawson test and the TOFOR with the present saiple 
%iere: r » 0*78 and r ■ 0*59 respectively* All answers iiiere scored 0, 1 
and a total score in the following reasoning patterns was conputed by 
coTbining the relevant iters of the Lawson test and the TDFDR: 
Proportional reasoning (9 items); control of variab?^ (4 items); 
probabilistic reasoning (4 items); corbinatorial reasc»iing (3 items); 
and conservation of weight (3 items)* (Displacement of volume item 
from the Lawson test and the spatial relations item frrm the TOBDR 
were not included)* 

b) Cognitive Style; Degree of field dependence (BD)/ field independence 
(FX) was assessed by use of the timed. Group Qibedded Figures Test, 
GEFT (HitJdn, et* al* 1971 )« Split-half reliability coefficient of the 
GEFT for the present sanple was, r ■ 0*79* 

c) General Level of Intelligence ; Raven's Standard Progressive Mjtrices 
Ttest (Raven, 1938) was used* Split-half reliability coefficient for 
the present smpljt was, r ■ 0*75* 

d) F^or-Zt In order to studly the total effect of fornal reasoning^ 
cognitive style and general level of intelligence, a Factor-Z was 
ocsrputed for each student, using the scale shown in Ti^le 1* F bc 
exanple, if a student obtained the maximum scores of 18 in the GSFT, 
23 in formal reasoning and 60 in the Ravsn test, his Factor-Z would 
be 15* 

TABLE 1 

OCMPtrrATICN OF FACTDR-Z BASED UPON TOPMAL REASCMINg , GEFT AND 
RAVEN SPORES 
Student Score Points ovarxJed to 



GEFT 


FOmAL 


RAVEN 


16-18 


18-23 


56-60 


13-15 


13-17*9 


46-55 


9-12 


8-12*9 


31-45 


5-8 


3-7*9 


16-30 


0-4 


0-2*9 


0-15 



canpute Faetor-Z 
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Student perfonnaricse durirq the semester was evaluated in the follow- 
ing oouzsesx Chemistry I, Itothenatics I and Biology i. me evaluaticn 
consisted of 5 or 6 class tests in each course during the semsster 
(the miiJber of tests varied in the different d^jartnents). 



Teible 2 presents Pearson corrivlation coefficients among predictor 
variables and student success in Qvjnistry I, Itotherratics I and 
Biology i. it can be observed that for Chemistry I the best jxnadictor 
of success is Fonrad Reasoning (r « 0.44; p « 0.001), followed by 
Factor-Z (r « 0.40; p ■ 0.001) and proportional reasoning (r > 0.39; 
p » 0.001). For Mathematics I the best predictor of success is again 
Formal Reasoning (r « 0.«; p » 0.001), followed by proportional 
reasoning (r « 0.42; p « 0.001) and Rsctor^Z (r - 0.38; p - 0.001). It 
is interesting to note that for Chemistry I and Mathematics I 
correlation :::oef ficients are significant for all the predictor 
variables. Biology 1 results are different and show that the best 
predictor of sucorss is F<actor-Z (r ■ 0.22; p > 0.001) followed by 
proportional reasonu^g (r > 0.16; p > 0.001) and Cognitive Style,(£Fr 
(r « 0.16; p « 0.001). It can be further observed that the correlation 
coefficients am3ng Biology I and control of variables and 
probabilistic reasoning are zero. It is iiqportant to note that for 
Qiemistry I and Mathenatics I the five different reasoning patterns 
(conservation of veic^t, control of variables, combinatorial, 
probabilistic and proportional reasoning) all have a significant 
correlation. It can be further observed that amongst the different 
fornal reasoning patterns, proportional reasoning is a better predictor 
of success in Chemistry I, Mathematics I and Biology I. 

Table 2 also shows that the General Level of Intelligence (as 
measured by the Rav^n test) and Cognitive Style (GEFT) 'nave a 
significant correlation with all three courses. Interestingly, how- 
ever, GEFT and the Kr/en test are a slightly better predictors of 
success in Biology I, than Fum^ Reasoning. This result could be 
interpreted as an indicator of the fact that Biology I does not stress 
fornal pperz»tional reasoning, as much as Chemistry I and Matherratics I. 
This coincides with the Shayer and Adey (1981) finding that 
int-.oductory chemistry courses make more cognitive demaxid than biology. 
Similarly Lawson and Renner (1974) have found that the proportion of 
formal operational students **io enroll for chemistry courses is much 
greater than that for biology courses. Lawson (1980), nowever, has 
shown that vten grades in a college biological science course are 
awarded explicitly on the basis of students' ability to respond with 
hig^ier^rder cognitive processes (fomal reasoning patterns), a 
significant relation exists between fomal reasoning and final grades 
in biology. Lawson (1980) obtained a fairly high correlation 
coefficient, r « 0.75 (p 0.001) between formal reasoning and a 
biological science course in vAiidi grades vere e^qplicitly awarded on 
the basis of students* \jse of fontal reasoning patterns. 

It can be further Observed from Table 2 that the correlation 
coefficient betwee.'^ the General Level of Intelligence (Raven's test) 
and formal reasoninj is significant (r « 0.40; p « 0.001). This 
finding is inportant in view of the fact that Neinaric (1977) has 
suggested that subjects v*io appear ■concrete operational* on Piagetian 
fo23T^ reasoning tasks do so because they are field-dependent and not 
because they are concrete operational. Similarly, Diamond, et. ftl. 
(1977) found college students* performance on Piagetian fornul 
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TABI£ 2 

PEAP90W ODRRgUTION OOgFFICIEM rS FDR PREDICTOR VARIABLES AND QgMISTOY I> fUTOEMATICS I S. BIOLOGY I (Nm312) 

Predictor Variables Dependent Variables 

Rictor-Z Wltkin Raven Ftomal CW CV Prop, Confa, Prob, Cten, Math, Biol, 



Eactor^Z 

Witkin 

Raven 

CH 
CV 

Oonb* 
Prob. 
Qiem« 
Math. 
Biol, 



** 

0,B5 

0,7^ 
0.75 

** 

0,68 

** 

0,43 



0,36 

** 
0,40 

** 

0,36 

** 

0,22 



** 

0,46 

0,52 

** 

0,26 



0,27 

** 

0,49 

** 

0,27 

** 

0,23' 

** 

0,30 



** 

0,40 

** 

0,20 



0,23 

** 

0,38 

«* 

0,22 

** 

0,2C 

** 

0,25 



0,26 0,22 



0,55* 



0,62 
0,67 
0,51 
0,53 



0,44 
0,45 



** 

0,16 



0,17 



** 

0,20 



0,34 

•* 

0,19 

n 

0,16 

** 

0,33 

** 

0.26 



I 

0.40 
0,15 
0,24 
0,24 
0,26 



0,16 0,16 0,00 



** 

0,37 

** 

0,30 

** 

0,39 

** 

0,42 

«* 

0,16 



** 

0,16 

** 

0,23 



0,17 
0,12* 



** 

0,17 

** 

0,16 



0,00 



** 

0,65 

** 

0,57 



1 

** 

0,36 



ERIC 



• p < 0,01 p « 0,001 

"F^tor-Z « Ttotal score conputed according to Table 1> Witkin - Total score in GBPTj Raven - Total score on Raven, 
Formal ■ Total score in formal rearoning; CW - Conservation of vieightj CV « Control of variables; Prop, « 
Pnv^rtional reasoning; Cent), - Cortoinatorial reasoning? Prcb, Probabilistic reasoning; Chera.- ChwUstry I; 
f5ath, « nathattttics I; Biol, « Biology I, . 
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WMoning tasitai to be significantly oorielated with inteart in science 
°^ IJiteUigenM. This flnding^^s^T^ 
l«teri«Bted to sho- that fonnal tasks faU to't^^g^ 

5*: i° *>«»i' 'physical science' conteitbS. 

(General Level of inteUigenoe) 
corrected significanUy not only with the fouwl r«soning toteT 
I^J^ «^ferent fomal reasoning pattLnl^^ws 
^ ««=l«3fJ that the Piagetian formal operational reaserS^g 
patt-^ do reveal to a certain extent the generil level 
inteUigenoe of the students. 



TABI£ 3 



RELMIOW BE TOEEN EftCIOR-Z WD MEftN SCORE OF STUianS M 

QiEnisTRif I. ivaaEKm.cs i m > Bioiost i (n » 312) 

Mean 



Rsctca>2 


t; 


Cherdstrv I (SD) 


Mathamtics I (SD) 


_Biology I (SD) 


4 


11 


1.88 (1.59) 


1.89 (1.32) 


2.45 (1.09) 


5 


18 


2.01 (1.11) 


1.42 (0.75) 


2.78 (0.86) 


6 


44 


2.25 (1.21) 


1.71 (1.27) 


3.04 (1.13) 


7 


74 


2.73 (1.28) 


2.39 (1.37) 


3.19 (1.10) 


8 


65 


2.94 (1.33) 


2.60 (1.40) 


3.58 (1.06) 


9 


49 


3.50 (1.59) 


2.76 (1.84) 


3.34 (1.14) 


10 


27 


3.43 (1.75) 


3.35 (1.79) 


3.57 (1.42) 


11 


14 


4.17 (1.43) 


3.78 (1.38) 


3.95 (0.91) 


12 


10 


3.93 (1.42) 


3.67 (1.79) 


3.53 (0.74) 



Table 3 shows the relation bet\*ee:n Factar-2 and mean score of 
students Oil Chemistry I, tothenatics I and Biology I. U cJS^te 
observed that as Factor-2 increases, the rrean sS^e of studente 
(vath certain exceptions) increases. -.uuciils. 

Table 4 shows the relation between t:actor-2 and stuJent 
performance In Chemistry I, Mathematics I and Bioloqy I. it can be 
observed that as RKtor.2 increases, the pass pSta« fa ^rTof 
501 or nure) of students (with certain e^^i^Ti^^tsT 

OKCLUSIONS AND JMPLICAT TOMS FDR STTF NCE TCACHING 

1. Amongst aU the different types of formal reasoning patterns 
performance in proportional reasoning seens to he a better ' 
predictor of student success. 

2. As conpared to Cognitive style and General Level of InteUigence. 
Fomol Reasoning appears to be a better predictor of student 
success in Qiemistry I and Mathaiatics I. 

3. Student responses to the Piagetian formal operational reasoning 
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itews do neaningfuUy reflect student intellectuaa functioning in 
scienoe oourses* 

4. Science teachers can pranote the cognitive dcvelppient of the 
students \3y erphasizing the higher-order cognitive processes and 
by avoiding algoritmic solution strategies* 

TftBI£ 4 

REIATION BglWEEH EACIOR-Z AND STUTEyT FERIt^^MANCE IN 
CHEMISTOY I> MAIHE?ftTICS I AND BIOIOGy I (N » 312) 

NUttoer of students passing* 

Eactor-2 N Chemistry I (%) Mathenatics I (%) Biology I (!) 



4 


11 


1 


( 9-1) 


2 


(18.2) 


2 


(18.2) 


5 


18 










6 


(33.3) 


6 


44 


8 


(18.2) 


5 


(11.4) 


18 


(40.9) 


7 


74 


17 


(22*9) 


17 


(22.9) 


30 


(0.5) 


8 


65 


22 


(33.8) 


17 


(26.2) 


36 


(55.4) 


9 


49 


26 


(53.1) 


17 


(34.7) 


27 


(55.1) 


10 


27 


17 


(62.9) 


13 


(48.1) 


16 


(59.3) 


11 


14 


11 


(78.6) 


8 


(57.1) 


11 


(78.6) 


12 


10 


8 


(80.0) 


6 


(60.0) 


6 


(60.0) 



50% or a greater score in a course vas considered as passing. 
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a) EducationaX system in Venezxjala 

i)Pre-SchooX ^ (years) No. of y»«s 

ii) Basic School 5«14 9 

ill) His(ber Saoondaxy School 15-16 2 

iv) University freshmen 17-19 1 

Moao of assessment usad for university entranoet Aptitiide test- ^Aiich 
consists of a verbal rteasoning and a numrical part. 

b) My paper deals with freshmen university science najor students 

c) Educational qualificationst 

M.Sc. and Courses in Ph.D. (Yale University, New Haven, U.S.A.) 
Bl?lqyment hi»toryt 

i) Laboratory Instrxjctor, Dept. of Qiemistry, Yale University (1969-71) 
ii) Instructor, Assistant, Aggregate and Associate Professor (1972-to datb) 
iii) Qvdiman, Dept. of Chemistry, Univcrsidad de Oriente (1984-to date) 
Publications! 

- Niaz, M. (1985) Evaluation of formal operational reasoning by Venezuelan 

freshmen students. Research in Science and Ttechnological Eduction , 
3(1), 43-50. 

- Niaz, M. & Lavjson, A.E. (1985) Balancing chemical equationsi The role of 

developmental level and mental capac\ty, CToumal of Research in 
Science Tteaching , 22(1), 41-52. 

- Niaz, M. (1987) The role of oogniti\^ factors in the teaching of science, 

Research in Science and Ttechnoloqical Education . 5 (In press) 
" (1987) Relation between M-spaoe of students and M-demsnd of 

different items of general diemistry and its interpretation based 
ij3on the Neo-Piagetian theory of Pascual-Leone, 64(In press). 

Hy paper w>jld fit in the foUowingj 

a) Content area: Decisions a responsible citizen has to ma)ce, when dealing 

with (controversiAl) societal issues 

b) Working group: Science odu=ation 

Audio-visual lesourse: Overhead projfictor. 
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MEW TRENDS OF CHEMISTRY TEACHING AT UNDERGRADUATE AND POST- 
GRADUATE LEVELS OF UNIVERSITY EDUCATION IN RURAL COLLEGES OF INDIA 



R.K. Shukla (India ) 



1. DnKnxnoN 



Sckllf irrhrn^hf nf'^'"i'^'"'"8 in the mral colleges „av^ to be 
tackled in the light of local bac'.ground. The people residing in the rural 
areas are mostly fa™«rs and labourers in additioS to a few talSkdaJs^d 
basmess ccwanity. The rich class of jural areas-talukdars and busine« 
men canafford to send their children for acquiring knowledge of Siffcrent 
taelds I.e. engineering, medical, administrative etc., aid they have been 

^, ^T-n ^" "^'ich «e piwiding all Sf 

?"J;k'-'"5!? after acquiring secondary levels e4;cP.ioh^rep3re 
c?^c e H in engineering, medical or otht, technlwl 

la^fiiff^enend^nl) ± 'It '^""'^ T f°^higher education in d fferent 
tacuities depending upon their interest of studies. After groduatins or dos- 

f^^?^.'??J?'^ I'^L'^n administrative examination or opt fo? highe? 

studies J jadind to Ph.n. degrees etv. Some of the elite persons have send 
^1?'J;.f*''i'*"" even u'^road for specilisation in particuli? Sssion 
But the aforesaid picture of study is only availa&le to a fel^ coraing from 
Ss"[n1he^[™it'^f ^" " 95t of rhe population have to contain%Sj^ 
H^i^fLiS ^5*,^*"'"^ resources, m fa£t people living in rural areas have 
developed of late to see their children very advanced spccialy in tb- 
technical and medical field. Hiey also want their wards to be part of 
administrative wings. But their financial position do not allow them to see 
their dreams fully realised. Now with the Advancement of agricultu«l 
^'ii . i'^'^''* °^ farmers are now in a position to see their wards 

rfjfn^r'^;.^'.^^?" fJV"'^^ 5° ?° f^™" °f income gm"y h^o 
can not send their children for higher education beyond the local rural 
colleges. Thus these colleges admit students of very poor qua 'ty and have 
to cater education to them. / r>~ m / nave 

2. TRENDS OF aBaSTRY TEADUNG AT OMIBGE LEVEL 

Now coning to the state of the rural colleges and their staff quality, 
condition of the library, power available to the colleges, finScial position 
of the college etc. One has to consider the above points beforTtrend^n 
n5^5?P^-"2- ^"^ !5 unclergraduate ..jid postgraduate levels in rural college? 
of India IS discussed. In most of the states the affiliated colleges which 
are giving the education of both the levels are the private colleges poorly 
equiroed. The education Coranission of India observed tha. the private alleges 

""f °! affiliated colleges and unless they are not properly^ 
ui,,?? nnr^i^it^f adequate arsistance the general standani in higter^dubation 
would not iin>rove. Inproving t i -jiality of life specially in villages shall 
^.J^Sif^ic^^''^!^''''" 8ivi. -i the chemistry education along with, other 
«o siJ 5-' students of these rural colleges. The colleges should 

see that the findings of the chemistry teaching in newer way have a direct 
bearing upon the advancement of knowledge and refinement of the practices 
for inproving the quality of life of the rural people. For proper chemistry 
teaching library facilities, laboratory maintenance, power si^y etc are 
prerequistties. After attaining the above mention conditions it is also 
essential to look at the background of chemistry ih India. 

c 
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imile discussing the background of the growth and the development of ^-he 
study of chemistry in Indian colleges anduniversities.it is worth recalling 
that in ancient times India made phenanenal progress in the sphere of 
chemistry Contributions were also made in the field of medicines and use of 
netallic conpounds in medicines and use of chemistry as a whole in improving 
the quality of rural people life and their living conditions. At early stage 
the teaching of chemistry was performed only by lectures and there was no 
practicals and r.o laboratory was .provided for the students to do any experi- 
mental work. In 1902 when Calcutta University in India started the B.Sc. 
course for the first time practical was introduced as a part of the course. 
Since then the teaching of chemistry with the modem courses has developed 
a lot in the country. 

(a) Existing facilities Undergraduate Teaching : 

As conpared with postgraduate teaching the undergraduate teaching is done 
in our country by the affiliated colleges situated mostly in the rural areas 
on a mich larger scale. From the data available with the Chemistry Review 
Connuttee on analysis was made under the different heads such as number of 
lectures and practicals in chemistry at the undergaduate level. At the B.Sc. 
level the laboratory conditions in ^e majority of private colleges are not 
at all satisfactory. Usually the students are not given individual sets of 
apparatus which they could uss without serious time limits. In general as 
discussed laboratory work is not well inanaged either due to lack of adequate 
statt or of apparatus and chemicals. As per my observations in a survey the 
main object seems to be to coach the students for the examination and no 
serious effort is made by the majority of the colleges of rural areas to 
develop efficiency in the understanding of chemistry and its use to improve 
the standard and quality of life. 

(b) Post graduate teaching • 

The post-graduate teaching and research in chemistry i!, at present conducted 
in most of the colleges and universities. The laboratories conditions in 
most of the affiliated colleges are the same but in tl:e universities it is 
rather better one. In most of the colleges the departments cater both 
undergraduate and postgraduate classes aiuch of the teaching load with the 
teachers IS due to the undergraduate teaching because chemistry happens to 
be one of the subjects which the student taking both physical sciences as 
well as biological sciences groups, have to study, leaving aside the bulk of 
imdergraduate students in chemistry the number of students in post graduate 
(M.Sc.) course varies to a great extent from college to college and university 
to university but in most of the colleges of rural areas the number is fixed 
to 20 only on the basis of the laboratory and equipments available. 
In an observation the percentage enrolment in chemistry at undergraduate 
level had been going down until 1976-77 increased from 18.2 to 18.4 in 1977-78 
llol ^2Z^"^2 ^ ^^'^ ^ 1979-80 with the increase percentage of 26.5 * 
1986-87. The changes in the percentages of enrolment in the professional 
courses have been of the marginal nature. 

3. HON OOdSIKY IS FOR BBTTCR SIUDBnS 

The students attending the chemistry classes at the both levels in rural 
colleges and looking at the background the emphasis should be characterised 
in two parts. 

h ^^^j^^ ^^^^ students should be given rigorous training for understanding 
the fundamentals of chemistry and thus a base for development of theoretical 
knowledge should be created. Such aims can be easily realised in rural 
colleges if class roans of such colleges should be fully equipped with 
diagramnies, models charts and cartoons etc. In addition special lectures, 
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^ syBixDsiim should be organized side by side on some specific 
topics in dwKStry related to the develqpwent aspects. Different Govt 

?S^i!' Mi«^ ofi^ati^ arfpS 

wlie nnids for. arranging the seminars and syii^xjsia. Few International 
agencies like UNESKO, WICEF are also providing the funds specially for 
rural areas. The students should be throughly e^qposed to varying problems 
of cheiristry through above means. They should also be advised to consult 
books and journals connected with such problems of chemistry. Once the 
students are helped to pick the fundamental of chemistry and to build 
up base for theoretical chemistry they should be given exercises so that 
students may apply their mind in solving such problems. For exanple if the 
students are taught spectoscopy or kinetics and reaction mechiusm of some 
organic ca!?)ounds maxnly used in medicines and industries by using some 
oxidants in the presence of any particular catalyst, if required their know- 
ledge in such fields should be utilised to understand the mplication of 
^troscopy or kinetics of reactions. In one or other way the teaching at 
chemistry is to be made more easier and interesting. The data obtained from 
tne various e:q>eriments should have been handled to understand th problems 
f9r vduch tlicy have been earlier taken. This depends how much a ceacher 
gives en?)hasis for such rigorous exercise. The University Grants Ccranission 
India has started many programmes for the teachers under its Faculty 
lyrovement Progranroe by providing (a) a opportunity to teachers to keep 
abreast of modem development in tl nr fields of study through seminars sunmer 
institutes, refresher course work shops and conferences (b) anabling teachers 
Of affiliated colleges particularly of rural areas to inprove their professional 
competence through the awards of teacher fellowships to work for M. Phil or 
Ph. D. (cj increasing the mobility of teachers and enabling colleges and 
departments in rural and backward areas through national lectures travel 
grants etc. and (d) enabling teachers to take time off their normal teaching 
and engage themselves in writing tg) the results and preparation of Text 
books by providing the adequate grants. 

II- Second strategy ^to inprove and to introduce new trends of chemistry 
teaching in rural colleges should be the e3q>erimental training. Through 
irtiich students can directly experience the application of their knowledge 
acquired in the class rooms or through the books. This depends iroon the 
laboratory facilities vrtiich should be icproved or extended if teaching in 
chemistry has to be improved. Number of developmental progranmes to equip 
the laboratories of rural colleges have been started by the UGC and DST. 

4. IMPROVING THE qUALITY OF POSTGRADUATE TEACHING IN OiMSIRy 

The present postgraduate teaching in aiemistry and the corresponding 
examinations generelly do not present an intellectual challenge to students 
and provide them no opportunity for creative work. Instead of relying 
entirely on straight lectures and set experiments, problem solving exercises 
should be provided through tutorials both on theoretical and e3q>eriroental 
side project should occi^y more time to every post graduate student. The 
projects can be of varying degrees of sinplicity or conplixity requiring 
reflection, planning, designing, execution and critical evaluation of the 
results of the work v^ich will be used in the different ways to increase 
the standard of living of rural masses. They are widely in practice in even 
schools of the developed countries and they are an excellent means of giving 
research opportunities to students. Terms papers and seminars are other 
devices to broaden the base of knowledge, oblige students to read many books, 
listen to invited talks and to read original publications in journals and to 
present and discuss ideas with teachers and other students. Such inter active 
learning would prepare a student much better for every activity or job they 
nught take up later and especially co jfar research ythich will inprove the 
quality of students in all aspects. It is also suggest that special sunmer 
schools for talented students will be arraged with suitable audio-visual 
si^rt. UGC is giving incentives on behalf of Govt, of India in the fonn of 
^«^cial book grants, audio-visual aids, reprographic facilities and the streng 
;ning of other infrastructure to the colleges for teaching chemistry in post 
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5. USE OF U)CAII.Y A^O IJOW CXCT Eq^ 

As cnphasised by Indian UGC full attention should be paid on the proeramae 

l^J^l^^"" P^"^^^ equipments for tZdd^of 

d^emstry m the university and colleges. These equipments can be easily 
?e . *u ^aratus and instruments the main advantage 

IS that these instruments can be repaired requiring very low cost and 

if P^nf r^^D dL^!! "^l^^ ^?"u^! ^^^^^y ^^0^ ^0 purchase such instruments. 
AS Prof. C.N.R. Rao has described for tlie development of LPiC equipment, the 
single aost crucial factor that determines factoHuccess wU 1 ^ th^ 
?hf if^i?" °^ !??^ maintain and repair these instruments. This is 

^ ^^^c -P^u J? developing countries. The biggest boon to chemistry 
departoents in the colleges and Universities will be if we can provide 
mif ml^'"^'^ ^^u^^ ^^^^ ^^^^ and maintain simple equipments. 
5Sf tw JS^^n^^ successfully used at least inthe rilral colleges 

for the teaching of chemistry in a B»re sinple way. 

6. IMPACTS OF OMSnor TEAOmC IN RURAL O0U£GES OF INDIA 

?!!®« °^ chemistry teaching specially in rural colleges should be oriented 
m such a manner so that such methodology way: uixuuccu 

^- day'Jff^® "^'^^^ students to recognise the role of chemistry in day to 

2. develop the basic concepts in chemistry which provide a sound basic 
ground for higher studies specially in researdi in chemistry. 

3. develop the co!i?)etence in the students to persue the professional courses 
like engineering, medicine etc. as their future career. 

P^^^e the interest in the students for chemistry and enable them to use 
chemistry as an in?>ortant subject before the enter in industries, agri- 
culture and medicines. ^ 

^* ^^A^^'^^^t a familiarity with chemistry as an iii?)ortant science 

subject and with the its interdisciplinary aspects. 
6. ejqpose the students so that they may face successfully the difficulties 

fa!owled^^^°"^ arising out of industries in the application of chemistry 

PRE-WIVERSITy EDUCAnOHAL SYSTB4 IN INDIA 

^^aS'/n^^^^^ Classified in t.^ 

wi^ijuiic:, ^aw-, ..ima./ ^x*u^ai.*on ana loj Secondary and senior 

secondary education. Both categories are in?)ortant before the entrance of 
University education. The boys in the first instance are admitted in the 
primary education are in the age of 3 to 10 years (class 1 to 51. In this 
S^f^w^^r^^ t"^^ ^^^^ all the basic things including science subjects. 
The boys after this stage are admitted in secondary education and then 
continueously in the senior secondary education. The boys are of the ace up 
to 16 years to conplete this education (class 6 to 12). Both types of education 
are managed by state education department. There is a state Board examination 

li^ coi^lsory to pass for the entrance in the university edjjcaticn. There 
SSv^^S"^- and private institutions for the boys to study'^butlhe examining 
^L^^.?f^- ^« Pji^^^education is c; ne how different in uitan s^rurll 
areas depending upon medium of instruction but the secondary education is almost 

li^ ent^^S!^™J?^\\^^^^^ ^^Sf • ^^'^^ "° age bar for the univer- 
sity entrance normally the students are of the age 17 years to 21 years for the 
university courses. In this way the boys have to spend 5 years for primary 
Thlrf^^ secondary and senior secondary to enter in the University education. 
Vy^ l^T r "?^^°"al syllabus for secondary and senior secondary stages prepared 
oy NCERT India but states are free to inplement it. Most of the states have 
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introduced NCERT syllabus. Recently few Universities have startet pre 
admission test for entering in the university education but the miniinum 
qualification for this test is to pass the secondary board examination. 

Dr. R. X. SWJKU 
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ABSTRACT z Results and devel opinent of the Yugoslav 
organization -Science to the Young" over wore than twenty 
years Here reviewed. The emphasis nas on project Morks m 
chemistry (done by the secondary school students) which had 
been presented during the competitions held annually. 
Results of research in the chemistry competitions within 
the organization "Science to the Young" in Serbia were also 
analyzed. It was demonstrated how these results contributed 
to the improvement of the rules of the cowpetition aiming 
at the provision of a more complete evaluation of the 
chemical knowledge and skill of the students. Other 
activities related to the project works <summer schools, 
science camps, youth research activities) organized by the 
"Science to the Young", "The Youth Researchers Organization 
of Serbia- and "Youth Research Center" - Petnica (Valjevo) 
were also included. 

ACTIVITIES WITHIN THE ORGANIZATION "SCIENCE TO THE YOUT^IG" 

Various aspects of project work as a teaching ftethod 
in chemistry at all- levels (school, univei-sity, 
out-of-school activity) were e>:plored during the recent 
international seminar (1). Contrary to many advaritages of 
the project work (motivation, doing "real chemistry", 
learning the high level skills, etc.) a lot of problems 
were also noted, e.g. resourcen deficiency (apparatus, 
chemicals, teaching staff), hazards, cost - ef f tnti veness, 
shortage of good ideas. 

In this paper, some of the Yugoslav experiences in 
resolving the mentioned problems and the use of project 
work in the secondary school chemistry nere summarized. 
Project works were developed mostly as an out-of-school 
activity. However, the role of the secondary school 
teachers and the chemists (in the factories, research 
institutes, universities) who nere the mentors of the 
students was very important, likewise the role of some 
youth organizations. 

The impact of science and technology on productivity 
demanded certain social action in order to raise the level 
of scientific education in children and young people. In 
Yugoslavia it resulted in the foundation of the 
organization "Science to the Young" in 1964. The 
Organization was part to the -Narodna tehnika" - The 
Yugoslav Union of Organizations Promoting the Technical 
Arts, which was the collective member of the Union of th« 
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Socialist Youth of Yugoslavia. The Min goals of the 
organization -Science to the Young- Mere the popularization 
of science, introduction of scientific Method to the 
students, ieprovei«ent of laboratory practice and increase 
of the creative ability of the students <2), The basic 
activity was the arrangement of a system of competitions in 
various scientific disciplines (chemistry, biology, physics 
etc.). Within mach diccipline there Mere three levels of 
competition (regional, republican/provincial and federal, 
i.e. Yugoslav l»vel). The competitions were organized mach 
year since 1965. 

During the first twelve years the Yugoslav competition 
in chemistry involved solving of the theoretical problems 
(up to lOO points/, demonstration and defense of a project 
work chos»n by the student and his/her teacher-mentor (up 
to lOO points). A project was to include practical 
experiments (preferably by quantitative determinations) 
some of which, at least, to be demonstrated to the jury. A 
description of the experiments, results, discussion and 
conclusion was submitted in advance. The project was 
carried out by one student or by the team of student 
(usually not more than two or three students). Age of the 
secondary school students was 15 to 18 (Fig. 1). 

As of 13th Yugoslav Meeting (1977) a symposium-lihe 
character w*s more pronounced. Thu meetings lasted 2-3 days 
each year and beside the presentation of project works they 
included the visits to nearby factories or research 
institutes, places of cultural and historical bearing, mtc. 
Since ?,982, proceedings with abstracts of all projects 
presented were published annualy. 

Educational reform in Yugoslavia which commenced in 
1974 produced also a positive effect on the project works 
in chemistry and other disciplines. The reform emphasized 
the linking of education with the associated labor, theory 
with practice, fostering a creative attitude towards work 
and modern educational technology (3). Many modern 
textbooks were introduced, with new experiments and 
theoretical explanations, so that the literature available 
to the students wa» considerably expanded. On the other 
hand, the better connections of schools with industry, 
universities and research institutes resulted in the 
increased proportion of mentors who were not the secondary 
school teachers. 

Project works in chemistry were usually the most 
popular among students (21-56 X share at federal level) 
biology cane second and physics . third. Actual number 

of project work in chemistry which were presented at the 
Yugoslav competitions varied between 20 and 70 per year and 
the total number during 1965-1983 amountctd to 730 (2). 

Beside the organization of competitions and the annual 
meetings, in some parts of Yugoslavia the branches of the 
organization ••Science to the Young" also undertook 
^ii^^rant acivities (summer schools, science camps , youth 
research activities). The intensive part of these 
activities included 20-60 participants and usually lasted 
two to three weeks. University students and occasionally 
the elementary school students were also included. A good 
professional guidance was provided by volunteers from 
universities, research institutes, miKJical institutions. 
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industry, etc. The rcmearch programmes Mere □•ften 
iBulti disciplinary. Th«re were not many programmes Hhich 
were asszgned "chemical-, but for many •*ecol ogical - or 
-geological" projects considerable theoretical and 
practical knowledge oi chemistry was necessary (it was 
provided by additional lectures and training). These 
activities within the organization "Science to the Young" 
were mostly developed in the socialist republics of Bosnia 
and Herzegovina, Croatia and Slovenia (2). For example, 31 
sci ence camps of young researchers were or gani zed i n 
Slovenia during 1967'-197B (some were international) with 
the total number of participants abcut 1000 (2). 

Publication of various materials accompanied the 
divr^rse acivities within the organization "Science to the 
Your - t rules of the competitions, lists of the projects 
and collections of the theoretical problems which appeared 
during the previous competitions, instruction for tho 
preparation of projects (how to carry out the measurements, 
simpl* statistical procedures, analysir. and presentation of 
results, how to write a report, how to quote the 

literature , etc.). A few papers and books reviewed the 
general concept and different aspects of the organization 
Science to the Young" (2, 4, 5, 6, 7, B) - The best 
projects done by the students were published in popular 
science journals (often in abridged version). 

The participants excelling in the competitions and 
other activities within the organisation "Science to the 
Young" took place at the international science camps, 
Jugend Forscht", INTERNATIONPI. CHEMISTRY OLYMPIAD 
(competition for secondary school students), and later (as 
university students) at the INTERNATIONAL STUDENT 
COMPETITION IN ANALYTICAL CHEMISTRY (9, 10). On the other 
hand, for the development of diverse activities of tht 
Yugoslav organization "Science to the Young" the experience 
of other countries and various international organizations 
such as UNESCO, ICC -nd INTERNATIONAL CHEHISTRV OLYMPIAD 
12) was valuable. 

K^ny educational, scientific and other institutions 
supported the organization "Science to the Young" in 
different ways. However, the budget was usually little. The 
main driving force was the almost unlimited enthusiasm of 
the students, their teachers/mentors and the organizers 
(mostly the teaching staff from universities and research 
1 nst 1 tutes , pedagogi cal consul t ants and others) . Many 
former participants (ex-students) continued to contribute 
as the organizers or members of the juries. Many of them 
also made a successful professional career at the 
unive-sities, research institutes, industry, medicine, etc 



ACTIVITIES WITHIN "THE YOUTH RESEARCHERS 
ORGANIZATION OF SERBIA" 

In Serbia (one of six socialist republics in 
Yugoslavia) activities of the organization "Science to the 
Young ' were al most exclusi vel y concerned wi th the 
preparation of annual compt^titions and few seminars for the 
mentors. The first clubs of^Voung rasearchers appeared on 
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th» begining of meventi»s and m 1977 th« nmm organization 
""The Youth Rcmsarchers organization of Serbia** ^original 
titlvt **niadi imtraiiva£i Srbijc**) nam cmtablimhcd. This 
n«w organization was o collvctiv* mmmbmr of th* *'Union of 
the Socialist Youth of Serbia*** The activities of this new 
youth research organization Mere siaiilar to those of the 
organizaton **Science to the Young** in the other luicialist 
republics in Yugoslavia (youth research activitiest science 
camps, suMier schools)* Beside the students (secondary 
school, university, elementary school) young workers were 
also participating* The programe e of the research was very 
wide and beside natural sciences it included social 
sci ences, . too (e. g* history, sociology, cul turology, 
economy, ethnoausicology, etc.)* Professional guidance was 
provided by volunteers from various institutions 
(universities, scienti-fic institutes, industry, aHiseuas, 
etc*)* The complete list of programmes realized from 1976 
to 19B6 appeared in the Journal **The Researcher** (transl* 
'*Istra2iva£**) published by the information and analysis 
center of **The Youth Researchers Organization of Serbia 
(13)* 

An important step in the development of the mentioned 
organization was the establishment of the *'Youth Research 
Center** at Petnica, near Valjevo (Serbia) in 19B2 (14)* The 
Center is independent, non-governmental institution as a 
first form of "alternative science school** in Yugoslavia, 
but it has good connections with most secondary schools ^nd 
un i vers i t i es in Yugosl avi a * The Center compr i sed 
departments/laboratories of biology, chemistry, geography, 
archeology, computer sciences and documentation* It was 
well equiped with computers, libraries, scientific 
instruments and video equipment* The complete accomodation 
for 70 persons was provided within the Center* 

Many summer and winter courses for students 
(university, secondary ami elementary school) covering 
various scientific disciplines were organized m the **Youth 
Research Center** -* Petnica. Sooie of them were specifically 
designed for gifted students* The themes of some courses 
concerned with c.emistry were i ''Application of computers 
i n chemi stry ** , **App; i cati on of i nstrumental methods in 
chemistry** and **nethodology of the research in chemistry - 
exchange of ions in nature as an example*** Beside the 
educati onal acti vi ties the Centc^r al so real i zed many 
research programs for students* Within one project which 
was realized over the past three years, data on mere than 
one thousand of water resources (wells, springs) in the 
basin of the rivers Jadar and Kolubara ware collected (14)* 

About 1800 of participants were included in various 
activities of the ** Youth Resear/:h Center** ** Petnica during 
the period 1982-1986* Most of the participants were 
secondary school students (60Z and 45% in 1985 and 1986, 
respectively)* The share of university students was about 
20%, and 10-207. of elementary school students in 198S and 
1986, respectively* 
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STUDY OF THE DEVELOPMENT OF RULES FOR THE COMPETITIONS 
IN CHEMISTRY IN SERBIA WITHIN THE ORGANIZATION 
"SCIENCE TO THE YOUNG" 

AlAost from the begining of th» activities of the 
organization "Science to the Young**, the Commi scion of 
Chemistry was formed in Serbia. Members of the Commmisicn 
•^mre enthusiastic volunteers, most of them employed as 
teaching staff of the institutes of Chemistry and Physical 
Chemistry (Faculty of Science, University of Belgrade). 
There %«ere also enthusiasts from other institutions and a 
number of the best participants (while universi / students 
or graduate students) was also included. 

The Commission took care of the entire organization of 
the competitions in chemistry (Jury, preparation of 
theoretical problems for the students, seminars for 
mentors, consultations for the students). As many members 
of the Commission worked individually or in small groups 
during the competition, it •«as important that the plenary 
meetings of the Commission be organized occasional y, so 
that an exchange of experiences and ideas was possible. 

Similarly to the Yugoslav competitions in chemistry, 
%1uring the sixties the competition in Serbia and regional 
competitions included solving of the theoretical problems 
»»nd defense of project work. It was recognized that the 
Knowledge and the practical skills of the students were 
often far beyond their interest for project work in 
chemistry. The literature quoted similar findings (15), 
namely that the relationship between affective measures 
(interests, attitudes) and cognitive ones (ability, 
achievement) had been very weak (the correlation 
cCH?ff icients failed in the range 0 to 0.4). 

In order to improve the chemical reasoning and 
laboratory practice of the students two additional elements 
were included in the competition since 1972. Those were the 
qualitative analysis or an ♦*unknown salt" and the 
quantitative anelysis (determination of the amount of HCl 
by volumetric titration with NaOH solution. It was expected 
that the prepar^^tion of students for these new elentents of 
the competition would also enable them to perform better 
measurements in their projects. 

The change of rules improved the laboratory practice 
in schools. However, the measurements and the discussion of 
f'jesults were still poor in many project works (especially 
those of the students in the first and second class of 
secondary school. Fig. 1). These qualitative findings. ,were 
corroborated with a low correlation between the points 
given for the projects and the points awarded for solving 
of theoretical problems (the correlation coefficients 
varied between 0.03 and 0.67, but were usually about 0.4 
during the period 1971-19S0. On the other hand, there was 
much better correlation between the points for the project 
works and the total number of points attained by the 
students (coefficients were in the range 0.49 to 0.90, the 
average was 0.73). These results also indicated the 
important contribution of the project work to the total 
score ansi, c&nsequently to the final result achieved by a 
student. 
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Th« competition* (C) and project^ (P> in ch«ii»try 
(»l««)«ntary and secondary school) 

Another change oi the rules Mas intrcuuced in 1981, 
and two competitions were organized <or secondary school 
students* One was intended for the students ir. classes 1 
and 2 <Fig» n and inclv ed solving of theorotical 
problems, qualitative and quantitative analyses. The second 
was for elder students and covered striving of theoretical 
problems, quantitative analysis and a project (Fig. i). The 
continuity of the competitions in chimistry was preserved 
(as they begsn in elementary school. Fig. 1) and students 
were not forced to prepare a project work before they 
acquired sufficient chemical knowledge. A research 

conducted in 1982 showed that 64 to 777. of all secondary 
school students who took part in chemistry competition in 
Serbia had also participated in the competitions during the 
previous years. 

CONCLUSIONS 

The project works in chemistry organized in different 
ways (within a competition or otherwise, as individual 
or team work, in cooperation with school, industry, youth 
research center or other institutions) were fouri to be 
very useful. They offered manysided ben, .its z 
popularization of chemistry. Discovering talented stuients 
and their stimulation to learn more, introducti'jn to 
scientific methods, activation of the creative* iniciative 
of the students, promotion of the practical work in the 
school or other laboratories, etc. 

Researches of the opinion and the results of students 
involved in project work was used for the improvement of 
the initial concept and rules of tJie competitions in 
chemistry within the organization -Science to the Young". 
Further studies are necessary in order to achieve the 
optimal results*. 
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NOTE ABOUT THTC EDUCATIONAL SYSTEM IN YUGOSLAVIA 
AND PROJECT WORK IN CHEHI8TRY 

Th» »duc«tion«l symtvm in Yugomlavia conmistm o-ft 8 
ymr* mlmmmntmry mcoolmg <«g« 7-15), 4 ywmrm mecondary 
■chooling, 2-S ymmr% und«r-gr«du«t» sduCAtion <int*r«Nrdi At* 
and highvr •ducatioo) and pomt-*gr«du«t» sducAticx). 

Th» project Morks in chVMimtry described in this P«p»r 
corresponded Mostly to the activities of secondary school 
students (age 15-19). In soiie cases university students or 
•leMntary school students tnrre also involved* 
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GENERALIZED GEOLOGICAL EDUCATION FOR A RESPONSIBLE 
CITIZENRY : A PROSPECT OF CURRICULUM 

A. Bczzi - B. Messa - G.M. Kedemonte (Italy) 
lUNV R 6£QL06iCRL COUCHTiON FOR RIL? 

In the context of environmental Issues, present and future 
generations will be more and more asked to take position on decisions 
concerning natural resources and hazards In order to support or to 
oppose them. If this requires, as It does, knowledge and awareness, what 
Is needed Is to overcome the widespread Illiteracy about geological 
sciences that nowadays exerts such a negative Impact on the attitudes 
towards these problems. 

The need for a more rational approach to the search and the 
exploitation of Earth resources Implies the development of new 
"cultural tools', which are to be founded not only on the application of 
new scientific and technological achievements, but. above all. on the 
development of new attitudes and the acquirement of new values. Should 
this fall. It would be extremely hard to outspread the consciousness 
that Earth resources - though Indispensable for the social development 
of the mankind - are not endless and that man has now. In some 
Instances, the possibility to modify the environment to an extent 
comparable to that of natural processes. 

For what concerns geological hazards, there Is an equal need to 
produce a significant offset In men's attitudes, which, at present, too 
often range from an apatic Indifference to an uncontrolled panic. The 
kind of approach to these problems given by the mass-media Information 
- mostly superficial, scientifically Inconsistent and. therefore, often 
Just emotional - must be converted into a rational one. based on an 
appropriate knowledge* of terrestrial dynamic and Its relevant 
Implications. 



mm KINO or ceolobicrl eoucrtion? 



Accordingly with the premise, we want to put forward the opinion 
that a geological education for a// has to have, as privileged alms, the 
approach to the above mentioned Issues of social Interest: Earth 
resources and hazards. However, this position by no means Implies that 
the curriculum Is to be shaped as an "applied geologv curriculum, 
neither for what concerns the contents nor for what attains to the 
performative competencies. Far from proposing a teaching oriented to 
Q the education of 'apprentice geologists", specifically trained in solving 
ERXC ^^^^^^31 problems, wedc^ntain that a ru// comprehension - i.e. 
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based on a systemic approach to causal relationships - rvecessr^V 
requires a full acquaintance with the conceptual and methodolog. A 
framework of geological sciences (which, however, does not mean to 
deal with a// the aspects of geological sciences). 

iiiMS FM i scoiisicil cmicimM fm ill 

The alms mat. In our opinion, must t>e considered not negotiable are: 

" icnowledge of thi> romoetenq/ rang^ of geological grlenrps and of 
the processes through which knowlgdgps are achieved In each field of 

oeQlogjnal sciences. 

The expression "competency range' is intended to mean not only the 
whole of the cultural domains which belong to geological sciences, but 
also the whole of problems geological sciences deal with. It is further 
underlined that the learning should not be limited to the more 
traditional sets of knowleoges (consisting In concepts, definitions, 
data, theories, hypotheses), but It should Incorporate, as a fimdamental 
component, the processes through which such knowledges accumulated 
and evolved as a result of conceptual, methodological and technological 
chonges. 

- aopreclatlon of the relev;»fy;f* ynloglfffl yrri ences to mankind 
and of the Interactions bet ween Farth and man 

Through this aim, the stress Is placed on the need that geological 
sciences are presented In a way that emphasizes the "usefulness'* of 
science, and mainly to underline the mutual relationships between the 
activities of man and his planet. In terms of exploiting resources and 
avoiding hazards. In order to put the student In a position of realizing 
the links between geological phenomena on one hand and historical, 
economical and social ones, on the other, elements for a systemic 
analysis of the Earth-man relationships must be givea 

- aPDI^-Matlon Af '^^at oerta1n<? to the domains ^; geological 
sciences with in plurldlsclpllny.'y Issue?; 

Since most premlnent Isiues of social Interest (energy, land use, 
pcllution, raw materials, «..) are often -and obviously- presented by th? 
mass*media as a random mix of components pertaining to different 
disciplines, we want to underline the need to foster the ability to 
discriminate In the complex context of such issues those parametres 
which are to be analyzed under the perspective of geological sciences. 
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" ■CQmDrehenStO.I of the tnfnrmation about peolngtral issiipc; lyi tf^ 
^othLfil^^^^^ fllscrlmlnatfnn h fi tween obgPfvatlQns fa(;t c^ 

The lack of a widespread geolog..al culture implies that the 
presentation of geological issues often tends to convey working 
hypotheses (sometimes at a Just initial stage) as if they were 
consolidated theories, causing the reader to miss the meaning and the 
significance of the information ' lelf: an ability to critically analyze 
what Is conveyed - in terms or both general scientific context and 
particular data - seems, therefore, to require to be specifically aimed 

SOME MSIC ICN0IIILED6ES WITHIN R fiEOLOBiai EOUCRTION FOR OIL 

In the prospect of the above mentioned alms, a set of basic 
knowledges is proposed as a selection among topics of premlnent social 
relevance: from an educational point of view, it is obvious to agree 
about the need that they must be expressed in terms of behavioural 
objectives in order to define the Bloom cognitive levels at which they 
are expected to be achieved. 

RESOURCES • 

1. WATER. 

- tl^e availability of water is to be framed within the water cycle, 

- there is an amount of available water that is "invisible"; 

- the distribution of the "Invisible" water is related to the qeoloqy 
of the area; ^ ^' 

- there are artificial .means to store surface water; 

- the possibility of storage is strictly affected by local geology. 

2. ENERGY. 

- energy resources occur either concentrated or dispersed; 

- there are renewable energy resources and non-renewable ones; 

- geological constraints can affect the economic value of resources; 

- the need for energy resources exploitation must keep into 
account the need for a minimum final turbatfon of natural equilibria. 

3. RAW MATERIALS. 

" raw materials are non-renewable resources; 
" not all the occurrences of raw materials represent exploitable 
deposits; 
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- raw materials deposits have a discrete distribution- 

- tt>e economic value of raw material deposits can be affected bv 
geological constraints; t^aiiecieaDy 

- the need for raw material exploitation must keep into account the 
need for a minimum final turbatlon of natural equilibria. 

4 SOIL. 

- soil Is a non-renewable resource. 
5. LAND USE. 

- land use Is not Indlpendent from the geological features of the 
arcd^ 

- the need for land use must keep into account the need for a 
minimum final turtwtlon of natural equilibria. ' 

HAZABDS. 

1. SEISMIC HAZARDS. 

- earthquakes occurrence Is not randomly distributed; 
" areas in which earthquakes occur can be delimited; ' 

- earthquakes have no certalned premonitory signs- ' 

georog?cal as. °b?sSr"" °' " '° ''''''''''' °" 

- It Is possible to draw maps of seismic hazards- 

- seismic hazard Is the result of the Interaction between the natural 
event and human settlements; me naiurai 

- there are different seismic scales with different meaning, 

2. VOLCANIC HAZARDS. 

- areas potentially exposed to volcanic hazards are predlctable- 
fnrorJ?^J?^'^' ^".'"^Ical (l.s.) Criteria can be used for a broad 
forecast of the extension of the area affected by volcanic products- 

f*,« "il'f "PI' "° '/^'^ "'"'"9 °^ ^ dlsast'ous volcanic event Is possible. 
JedlrtS significant premonitory symptoms allows a broad 

- the style of eruption Is predictable on historical basis- 

- volcanic hazard Is the result of the Interaction between the 
natural event and human settlements. 

3. HAZARDS RELATED TO SLOPES EQUILIBRIUM. 

-mass movements are related to favouring factors (both internal 
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and external) and determining factors (Doth internal and external); 

- man's action may play a determinant role in affecting the 
favouring and/or the determining factors; 

* measures can be taken in order to reduce the favouring factors. 

4 HAZARDS RELATED TO CONTINENTAL SURFACE WATERS. 

- the 'normal" state of a stream (or of a basin) is the result of an 
equilibrium between inputs and outputs of water and solid materials; 

- natw^l and artificial modifications in such equilibrium may cause 
hazardous situations; 

- increase or decrease in erosion may result In a risk, the entity of 
which can be predicted on geological basis; 

- a broad forecast of the area subjected to flood hazard can be done 
on geological and/or historical basis. 

5. HAZARDS RELATED TO COAST EQUILIBRIUM. 

- the "normal" shoreline is the result of an equilibrium between 
inputs and outputs of water and solid materials; 

- artificial and natural modifications of such equilibrium may be 
responsible for hazardous situations; 

- changes in the water streams regimes may induce alterations of 
the shoreline, with' relevant hazardous situations. 



(a) The prc-unlvers1ty educational system in Italy: 
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There is no assessment for university entrance. 



(b) The paper represents our opinion and is aimed to fit in the Italian 
secondary school, at the age 14-16, which is on the way to be revised. 

(c) Glan M. Pedemcnte: associate professor in 'Oldattlca delle Scienze 
Geologlche' (Geological Sciences Teaching Methods) at Genoa University 
(Italy), is involved in educational research since 1976. Director of the 
"Gruppo di Ricerca per TEducazione Geologica" (Research Group for 
Geological Education), is particularly devoted to curriculum planning and 
teacher's training problems. 
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LONG TERM EFFECTS OF PHYSICS EDUCATION 
AND THEIR RELEVANCE FOR RESPONSIBLE CITIZENSHIP 
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Peter H&issler (Institute for Science Education IPN, Kiel 
Federal Republic of Germany) 



Abstnot 



■ r«popttd, conductid tht IFII by Lor« loffM&a, jQrgtn Roat tad 

»yMir» ahich aurvaytd tha Itval of phyaica aducation umon^ adulta in tha 
ar«aa of taargy and tlactpicity, and thaip raapactivt aduoational oaraara 
aith ragard to phyaica. Tha apadflcation of phyaica aduoation vaa baaad on 
a cuppicttlap Delphi atudy, an inqulpy invaatigating ahich typa of phyaica 
tducation ia daaipabia in taraa of a contPibution to tha concapt of raapon- 
aibia cititanahip. Tha raaulta, in tha for* of aultivapiata copralativa 
ralatioaa bataaan tha (indapandant) vapiablaa of aducational caraap and tha 
(dapandant) vapiablaa of level of education indicate that affects of 
phyeice inetpuction epe in evidence long eftep the echool cereer hee ended. 
Thie eppliee pepticuleply to the epee of knoeledge, ehepeee the influence 
on ettitudee, intepests end behevioup is peletively loe. 



1. The vepieblee isveetigeted 



The vepieblee for opepetionelisetion of phyeice educetion 

The reeulta of e cuppiculep Delphi study on physics educetion It, 2, 3 1 
eepe used to opapetionelise the dependent vepieblee. in the fipst teo 
pounds of the etudy, the 70 op eo pepticipents (selected eccopding to 
ceptein educetionel cpitepie) fopsuleted eteteeents on physics educetion 
ehich espe to include the folloeing eleeents: 

o Situetions, contexts op eotives in op fop ehich educetion in physics is 
eeeningful todey end eill be so in the iaeediete futupe; 

o Ipees of phyeica ehich epe consideped to heve eignificence in conjunction 
eith the eituotions, contexte op eotives neeed in fulfillment of the 
ppeceding condition; 

o The epppoppiete op deeipeble aodelity of en individuel*e diepoeition 
ovep, OP of his OP hep deeling eith phyeice. 

Thi9 ppocedupe yielded epppoz. 500 eteteeente. By aeene of olustep enelyeie 
theee eteteeente could then be eeeigned to "bundlee", eech of ehich could 
be inteppreted ee e diffepent epecificetion of the concept of peeponeible 
citisenship (cf. Teble 1). 

In the thipd round of the etudy, the pepticipents eepe eeked to descpibe in 
deteiled for» the knoeledge, ettitudes, intepests end behevioup edulte 
ehould heve developed eith peletion to "Knepgy end enepgy eupply" end 
"Klectpicity end doeestic electpicel eppliencee", teo theeetio epeee Judged 
as papticuleply pelevent in the fipet teo pounde. Thie eetepiel eee then 
ueed to develop e quaationneipe on physioa educetion oonteining the 
eubteets eueeepisad in Tabla 1. 
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Tahl* 1: 

SptcificatioBS of the concept 
*rtspoDsihle citizendbip* 



CorrespoDdiDg suhtests Id 
the questionneire for the 
■rets tD^rgy end electricity* 



Socio-politicel action with 
aRareDess of one* a raapon- 
sihilit/t aDd kDowadagahla puh- 
lic diacuaaioD phyaica- 
baaad tachDologiea 



o Attitude toward alternative 
energy technologiea 

o Feith in progreas in connec- 
tion with the energy aupply 

o Attitude to energy aaving 

o Energy aaving behaviour 



o Active coaaitaent to 
energy aaving 

o Receptive coaaitHent to 
energy aaving 



Haatery and understanding of o Handling of electrical 
technical appliances» instru- appliances 
■e'4t8 and syateas encountered 
in every day life 



Enhanceaent of the indivi- o Acadaaic interest in 

dual* a aaotional experience dealing with electricity 

of nature and technology 

o Practical interest in 
dealing with electricity 



Dealing with pbyaics in a 
way thet furthere paraonal 
intaliaotiiai davelopaent 



o Theoretical knowledge in 
the araaa of energy and 

electricity 

o Practical knowledge in 
the araaa of anertry end 
electricity 



* The auhtest structure rapraaantad in the tahla waa developed partly in 
the couree of dete analynia. Soae auhteata* for azaapla, proved not to he 
one-diaenaional and had to he aplit in accordance with the deterainad 
factor structurs. Ths dif fsrentistion of knonlsdge ( theoreticsl snd 
practical) it alao due to the reaultt of factor analyaia. 
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1«2« TIM variaUae for op«r«tioMlisatioa of tdvotUoMl otrMr 

tm ■■Ubliahiag the vtrieblee of aducetioBel cereer, fro* ihich the ■ffecte 
OB the laval of aducetion ce& be isferred end ihich oea be ueed to eet up 
pra-ezptrieeatel hypotheeee un theee effecte, le drei Minly on other 
Mpiricel etttdiee lith ooapareble goele. Xa eddition referred to the 
raeulte of the curriouler Delphi etudy |l, 2, 3| on the chereoteritetion of 
the type of phyeice leeraiag poeeible la echoole. Thie yielded the veri- 
eblae ehoia f,m Table 2, ihioh aera ooaverted iato oorraepoadiag queetioa* 
aeir* iteae. 

Tebla 2: Oetlim* of tka iadeptadaat verieblae 

o Tiae elepeed eiaoe leet phyeice iaetructioa (auabtr of yeere betieea leet 
period of phyeice iaetructioa ead tiae of etudy) 

o Queatity of pbyeice iaetructioa 

- Vuaber of leekly phyeice periode froa the ege of 12 oaierde 

- Out*of-echool occupatioa lith eaergy ead/or electricity 

o Type of phyeice leeraiag poeeibla ia ecbool 

- Orieatetioa of iaetructioa to • certeia coacept of phyeice educetioa. 
Factor eaelyeie yielded the folloaiag coacepte: 

- Vaderetending ead dieooveriag leae of phyeice (iaetructioa ia liae 
■ith thie concept eapheeitee hoi coacepte end lean of phyeics ere 
eecerteioed end coaauniceted) 

- Treetaent of phyeice for eociety/everydey life ( here phyeice ie 
preaeated with reference to ite eignificence for society ueiag 
ezeaplee froa averydey life, though lithout requireaeat of precticel 
eaperieace aith aquipaeat ead aithout buildiag up ooapeteace to ect) 

- Precticel treetaent of phyeice guided by iatcreet (thie concept of 
phyeice inetruction eneblee direct precticel eaperience to be geined 
aith technicel equipaent end enoouregee the developaent of the 
leernere* oan iatereete) 

- Type of echool etteaded 

o Hotivetiag fee tore 

- Stiauletiog fectore outeide echool (a.g. toys, pareate, aedie) 

- Xatereet ia the echool subject phyeice ia reletioa to iatereet ia 
other echool eubjecte 

- Activetion ia phyeics iastructioa (boriag, optiael, over*-ectiveted) 

o Sez 



2. Tbt etady Mthod 

The verieblee of educetioael cereer ceaaot by aeture be iaflueaoed, but cea 
oaly ba iaveetigeted poet fecto aad checked ia their verietioa by the 
deeiga of the eaaple. The eia of the eeapliag aae to obteia auffioieat 
verieace is the verieblee of educetioael cereer end to axeaiae e repre* 
eentetive eection of the 20 to 40-yeer-old ege group. To thie end a readoa 
eeaple see tekeo. 

A queetioaaeire see developed for dete oollectioa, ahich coaprieed the 
verieblee lieted ia Tcble 1 ead 2. A total of 169 persone (417 aoaea ead 
452 aea) b«taeea the egee of 20 end 40 aere eeked to coaplete the 
queetionaeire. They hed beea readoaly eeleoted by eeeae of e eteaderdised 
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^Jtlti" '•^I'"'"' "r.ctorlii, of 11 to«BS throughout thi F.d.ril 

K.puhlie of 0.r..riy. Th. r..ultiBj ,„pl. i, not. ho,.v.r. r.pr...Bt.tlve 

uIviM «rMrf!L"^*"^" °' " «"->'••'-''"•• T""" »ith hi,h.r .chool 
laaviag cartificatea ara ovar-rapraaantad. 

Co«plation of tha quaatioDDaira raquirad cd avaraga of tao houra Thia 
ganapally took placa in the aubjecf a hoae. in the preaa»ce of a» 

'^"^"^ " advanced atege of hie/her coupee). 
Tho ooapleted quettionneiree aere then eoored hy other etudente 
(profeeeoriel eeeiete»te) ueing e aritten key. Scoring oo»ee»eue of 98% 
aee echieveo. 

Wultiveriete regreseioD enelyeie eea then epplied to the ecoringe of the 
dependent (Tehle i) end independent (Tehla f) veriehlee. JhSI^S? eSch 
fllf!^ veriehle .es ettrihuted to precieely thoea independent variehle. 
ahioh aere. ecoording to e oertein pre-experiMntel hypotheeis, poseible 
ele.ente of influence. In eddition to thie hypotheeiH^guided o^i^tiSn. 

i^;" ""^ ^"^"cted. in .hich en independent veriehl.e .ere 
J«r?u««. -quetion in order to judge the etrength of their 

influence (in co.p.rieon .ith ell other veriehlea) .ore epproprietely 



3. Keeulte 



III illV veriehlea (is independent end 11 dependent) .eent thet 

the atudy yielded e greet .eny deteiled reeulte, .hich cennot ell be 
preeented here, (for deteiled docuaentetion eee |4|). 

Tehle 3 gives en outline of the reletionshipe escerteined het.een the 
verieblee of educationel level (ro.a) end the veriehlee of educetionel 
eereer they ere to explein (coluane). Further explenetion of individuel 
veriebles ie given in the follo.ing eections. The .atrix ele.tnte ere the 
«-.eight», auitiplied hy 100 end eignificent et the 5X level, of the 
rjurir°",°'' • •^^^l* v^rieble Of educetionel level to ell verieblee of 
educetionel eereer teking the .hole populetion ee m beeie. They .re e 
eeesure of the etrength of thie reletionehip. Suheeeplee eepereted 
eccording to eex yielded for e fe. B-.eighte different veluee in .oaen end 
■en. 

T«bl« 3 MB b* rtail IB roa* or colunt. Rttil Ib roM it proviUtt 
lBfor«.tioB OB thi iiy iB >hieh thi eorriipoBfliBj viriibli of iHuoitloBil 
iirJ.Lr^^i?" ^"■i*"" "1"" to th. pr.aictor v,ri.bl.. iBclua.a Ib 

00. ffici.Bt. of th. iBaividu.1 pr.aictor. (th. bl.ck .r... .r. proportioB.l 

iBt.r-iBaiyidB.l v.ri.Bo. of th. crit.rioB v.ri.bl. (lOOX >ouia ...b th.t 
th. orit.rioB v.riabl. o.b b. .ttribut.a tot.lly to th. pr.aiotor«). 

°^ v.ri.nc. .ceouBt.a for aiff.r. gra.tly for th. iBaiviau.l 
crlt.rioB v.ri.bl... It .o.t it i. soX. for th. v.ri.bl. -l.BaiiBrof 
.l.otric.1 .ppli.Bc*. i gi.Bc. .t th. 6-..i3ht., ho«v.r. .ho., th.t it 
il Ir'All "l^"'^"'" """tea .ith th. v.ri.hi. -S.I-. If thi. pr.aiotor 

1. .xcluaaa fro« r.9r...i0B, tha aultipl. R» r.ll. to 1SX. 

bS^i^r^Hl^S^r^'^"""'.?"; • ralativaly high variaaca paroa.taga ca. 
ba aaoartaisaa: 43X for practioal kaoalaaga aaa tO% for thaoratical 
kno. ledge. 
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Motivating factors 
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Attitude towards alternative 
energy technologies 

Faith in progress 

Attitude to energy saving 
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with electricity 

Practical interest in dealing 
with electricity 

Energy saving behaviour 

Active coiiraitm»it to energy 
saving 

Receptive connitnent to 
energy saving 

Handling of electrical 
appliances 

Practical knowledge 
Theoretical knowledge 
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5 
15 
20 

5 
13 
11 
50 
43 
40 



18 24 14 



(2) 



24 51 



Tabic 3; Tabl^ of connections revealed between the variables of educational level (rows) and 
the variables of educational career designed to explain them (columns). The figures 
inside the matrix are the 0 coefficients, multiplied by 100, of the corresponding 
regression analyses - 228 
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For thm rcssiniag virisblii our pr«dictoPi ppovid lies •rr«ctiv«. The 
vsrisbl«« "ittltud* to tDtrgy MVlng* and "Energy ■sving bebivlour", ••cb 
■t S%t b«v« thm lo«s«t vsriiBoa. The positive attitude to energy eeving 
eecerteined in tbe teet pereoae. end bebeviour lergely coneietent eitb tbis 
ettitude eppeer to bevft beooee to e coneidereble extent cceecn r4ituree in-* 
dependent of epeciel ecbccl factcre. 

If Teble 3 ie reed in ccluans, tbe figuree in tbe firet 11 roes cen be 
interpreted ee etrengtbe of effect of e certein predictor on tbe individuel 
verieblfie of educetionel level, end tbe leet 4-oe (eultiple R*) es tbe 
globel etrengtb of effect on pbysice educetion, ee operetioneliied eitb our 
11 criterion verieblee. 

Tbe veriooe predictore differ coneiderebly in tbeir globel etrengtb of 
effect. Tbe verieble -Sex" bee tbe lergeet (5lX), folloeed by tbe 
verieblee "Intereet in tbe ecbool eubject pbyeics during tiae et ecbool* 
I2i%), •Type of ecbool* (2iX) end "Totel nueber of eeekly pbyeioe periods" 
(19S). Tbe loeeet etrengtb eee eecerteined for e fee aotiveting fectcre. 
Peer or perentel etiaulue, for exeaple. obviously pleyed a leeeer role in 
tbe developaent of e pereon* e pbyeics educetion. It cen be preeuaed. bon- 
ever, tbet aeinly unconscious processee not covered by tbe etudy teke 
effect bere» ebicb aesns tbet tbe ectuel influence (end not only tbe 
perceived influence essocieted eitb concrete evente) eae eysteeeticelly 
undereetieeted. 

3.1. Keettlte in tbe eree "Knoeledge** 

Tbe pbysics knoeledge of tbe 869 subjects ees sscertsined for t!ie erees 
Slectricity/electricel eppliences end Energy/energy eupply. Fector 
enelyeie of tbe 24 knoeledge iteas ehoeed tbat 13 (eeinly electricity) 
itces could be eeeigned to tbe fector "."recticel knoeledge" aad 11 (aeialy 
energy) itees to tbe feotor "Tbeorotic«$ knoeledge". 

Tbe folloeing picture ees obteined for tbe origin of tbe knoeledge or, aore 
exectly» to ebicb in-scbool end out-of-ecbool verieblee tbe precticel end 
tbeoreticel knoeledge operetionelixed in tbe subteete cen be releted (cf. 
tbe finel teo roes of Teble 3): 

o Soon efter e pereon loeves ecbool, ber/bia knowledge etebiliies et e 

aiddle level: it is loeer tben during ^.be yeare in ecbool, but - contrery 
to populer opinion - not everytbing ie forgotten. Tbe difference beteeen 
e pereon ebo leet bed phyeice i&etruction only e ebort ebile beck end a 
pereon ebo left eobool 20 yeere ego ie for tbeoreticel knoeledge (deepite 
ite cloee eesocietion eitb ecbool in our teet) barely e querter etenderd 
devietion, end for precticel knoeledge, eitb ite clser li&ke eitb 
everydey life, even leee (tbe correeponding 0-eeigbt ie not eignificent). 

o Tboee ebo receive aore pbyeioe inetruotion et ecbool beve ee edults 

greeter precticel or tbeoreticel knoeledge. once geined, tbe edventege 
reaeine tbrougbout tbeir livee. Tbe feet tbet in botb ceees 0 « .12 
indioetee tbet pbyeici iuetruction eleo bes e poeitive influence on 
tbeeetic ereee ebicb it did not explicitly include. 

o Deeling eitb a certein eree of pbysics outside ecbool bes e considereble 
influence on the knoeledge in tbie erea (/) • .12; .13). Tbere ie elso 
evidence tbet tbe aedie icr;^ ^ce tbeoreticel knoeledge, end cbildbood 
toye precticel knoeledge (^n botb ceeee 0 « .10). 
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o Tli«or«tioal kaotltdf* «tp«Bdt r«lttivtly ttrotgly ot tU typ« of loliool 
■ttttdtd (• m .27). Kvaa If all otk.p iBflMttett eliioii locMpaiy 
■tttadtici of ■ kiflitr ■•coidiry eoliool (ay««««imi) Qr« tikii iito 
•ocottit. ■ p«riom ilio tttiidid tkii icliool typ* titli ■ itisdird 
divlatioB of tpprox. on tkird, «r«itir tkiorvticil Icmoilidgi tlita ■ 
p«r«oi ilio ittiidid iitirvidiiti ■■ooidiry tohool (Kiilioliuli). About 
thi ■■■■ dirrir«tct oia bt obiirvid is tura bttiiii thi latttr ttd thoii 
■bo attiBdid •■ooadary aodirJi lobooli (E«iipt«ob«lt). for praoticil 
kaoilBdgi tk9 dirr^rvacie, tbovgb ■■■llir, tiad li tbi iom dirtctioa (A 
-.11). 

o Ziitrvotloa divotid priatrily to tbe eoaetpt "Sadtrtttadiag lad 

diicoviriag of pbyiici" bii • particulirly ftvounbli •fftot oa 
tbtorotlcil kaoiltdgi (0 « .20). 

o lh099 «bo took aoro iitirott ii pbytici iBitructioa ibili •t ■cbool 

rotila ■ groittr ttoro of pbytlct kaotlodgi 1b litir lift, zt !■ aot tba 
OBBO, koBovir, tbtt groitir lattr^tt lid to aoro ■ffictivB pbytict 
iBBtruotloB. (Zf tbli iiro cbi ciii tbi diti would Iibvb rovBtltd 
latorralBtloa of latirait tBd quiatlty of pbyilci iBBtructioa. ) Our dtta 
ladlciti laitiid ■ cirtila coatlaulty of latirtit, nblcb ciutii pbytict 
kaoBladgi to b« ■otuillxid outildi ■cbool). Tbit laterprttBtioa !■ 
furthir Bupportid by tbi ftct tbit for prictlctl kaoxlidgi 0 « .24, 
Kbar«BB for tbiontloil kaoil«dgi 0 • .14 oaly. 

o Maa bavt coaildiribly griatir practlcil kaoalidgt tbia toiBa (0 •> .34). 
for tbtoratlcBl kaoalidgi tba dlffit^aci Is aot to ■ztrcii (0 « .21). 

3.2. katttltx la tbi oroi "Attltadii'* 

Tba study obtained dttt oa tttltudtt to tbe folloiilng (cf. tbe flret 3 roee 
of Tebla 3): 



(•) Attitude to elteraetlva energy eupply tecbaologlee la coeperleoa «ltb 
auclaer tecbaology: 

■era tbe dete ladlceted e aeea poeltlve ettltude to elteraetlve 
tecbaologlee ead e aeea aegetlve ettltude to aucleer tecbaology. for 
•zeeplo, tbe eteteeeat 

"Mucb aora tbea et praeent euet ba laveeted la tbe developaeat of 
elteraetlve aaergy tecbaologlee (utlllxlag elad, eaa, tldee, eeete 

laolaerc'tloa) ** 

eee eocepted by f33(, ead tbe etateaeat 

"Zaprovad tecbaology elll, la tbe futura, oaeble tbe rleke etlll etteched 
to eaclaer power to ba allalaeted** 

eee rajactad by 

(b) Attitude to energy eevlag: 

Oa tble ecele, too, e blgb saea level of tgraeaeat eee raeohed. Tbue 
tbe eteteeeat 
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•». .ho«ld 1« futur. do .Ithout luiupy good, .hlch .at.ll high .D.rgy eott. 
!• proOiotioB 

acosptsd hy 79%, 

(0) THa attitude thet thtr* •111 alitya f tatrgy .ourcaa for 
aiploitatloB (faith la prograaa): 

lara a ...b laval or agra.aaat aaa aehlavad. For azaapla. tha atataaaat 

nachalclaaa/aaglaaara .nd phyalclata alll aolva tha problaas cauaad by 
iaoraaasd aaargy raqulraaaata** 

aaa rajactad by approi. so%, 

•orlaJi-*nJ ll not poaalbla to ..cartala tha 

origin of tha attitudaa to any algalficaat dagraa. Thara ia, for axaapl.. 
BO oonnactlon bataaaa a para on* a kaoaladga of .aargy and tha thraa attitude 
acalaa ehoan .bova. It can ba aaan that tha lafluanca of echool in thla 
araa ia on tha ahola loa, aa thara la no conaactlon alth tha quantity of 
phyaica Inat ruction. 

11th ragard to tha achool v.rlablaa. tha typa of laatructlon concapt 
appliad appa.rs to hava a c.rtala iafluatica on tha foraatlon of .ttltuda. 
Kather aurprialagly It la the concept "Oadereteadlng end dlecovering leee 
of phyelce .hlch accoepenlea poaltiva attltudee to elternetlve energy 
technologlae C.n> .nd energy eevlng (.n), ,ith little felth In progreae 
: ^^^^^ concepta heve In contreet eore of e counters-productive 
influence. There era verloua poeelble explenetlona for thle eurprlelng 
n?*^^;!?.?' I ""P**" " ■ftafect reeultlng fro. the aetbod 

of obtelnlng date. People «ho heve a pertlculerly poeltlve ettltude to 
energy eevlng end to elternetlve energy technologlee v-Jould Judge the 
phyelce Inetructlon they snca received aa deficient in «;hle epeci'-ic eree 
an ezplenatlon .hlch eould produce precieely the correction observed. On 
the other bend, it could be a real effect of theee inetructlon concepte. 
It eould be feasible, for Inetence. tbet inetructlon ehlch ezcludee. 
contrery perheps to etudent preference, all reference to eodety. provokes 
etrong ooaaltaont to eoclal policy. Coutradlctory proceeeee of thle kind 
in attitude foraetion heve frequently been deecrlbed in eociopeychologlcel 
literature. It le eleo poeslble for inetructlon in keeping alth the 
concept Practical traeteent of phyelce guided by Intereet* to foeter a 
dlelBcllnetioB toeerde criticiee of technology elth ite tfeaende to eeve 
anerfly, develop and apply aiteraetiva eneryy technologlee. 

Ob BO accottnt ehould it be coucluded froa theee raeulte thet no poeltlve 
effeete cen be eipeoted froe e practical approech to phyelce or reference 
to eociety. It ehould rether be eeeuaed thet inetructlon ahlch r^letet 
preotlcel activity to the development of oonceptuelity end ehlch doee not 
■laply vcrbalixa tbe eooial algnlficence of phyelce but eleo develope 
coepetence to ect oen very probebly heve benefidel effeete. In thle 
etudy, hoaevar. auffldent dlf ferantletion could not be echleved for theee 
aepects. 




til/Ll . out-of-ecbool verieblee it ie prl.erlly the ege of the pemon and 
hie/her deelinge alth energy l..uce ehlch ere connected elth ettltudee 
Younger people (eho flniehed phyelce inetructlon auch eore recently) .ad 
thoee aho deal alth energy ieeuee outelde phyelce inetructlon heve ea e 
rule a poeltlve ettltude to altametive energy end hava leee felth in 
prograee. 
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o l.t.r..t do., .ot a.p..tf on th. qu.ntlty of phy.lc. l».tructlo.. 

i ."ur p^.^"^^;^^"^!:r '«"pt.=«.ai.r). bo..v.r. ^.v. 

° *oh«!«" '--"J*"""" 1« 0""«9 .1th 

Pby.lc. .„d for..r l.t.r..t .b.n .t .cbool or f om.r „.. of tlcl^ld 

3.4. I..ult« ia tk. .r«. -B.h.vloBp" 

Tb. folloilna v.ri.bl.. ..r. lnv,.tla.i.a for th. .r.. of h.b.vlour: 
im) C&erg^tving h«b«viour 

Th. jKr.qu.ncy of c.rt.ln h.h.viour typts .h.rchy .n.ryy i. 

iMiipl.: Heitiag until th.r. i. .aough ...hing to fin th. 
...h «g ..ch in. C39X .l«y.. .l.oat .L.yl. 4S 
tiB..t i> ..idott. 13X no opportunity). 

<b) Activ. ccuit..nt to .n.rgy ..ving 

«r..pl.: X h.v. .t .0.. .t.g. d.aon.trat.d ng^inrnt . p.rtic* 
'.ll^^TJS' °' " PTtlcul.r huilding'?roJ.ct (24% 

<o) R.e.ptiv. eouita.nt to .n.rgy ..viag 

l.fom ■y..lf In d.t.il (S1( .grc.a.nt). 
<d) l..dliag of aLetricl .ppli.nc. 

^^r"!;!.?."'"""' • """" "'"'"/"•t (7« bad 

t^Zll:"" ^'"^ '"-"ion ,.r. .. 

c"^.tloa ' ""■ =^>"lt-.at tbar. 1. b.rdly a.y 
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o Frtqaa&t btDdliog of •lactrical •ppliaacaa corraapoods to a large atore 
of prtctical kooaladga and, alightly Ia«a distinctly, to ppictically or 
■cadaaically oriantad intaraat. Tbi data indicate that the handling of 
alactrical aquipaent ia a direct aourca of knovledge increase. 

Tbsra ia, in contraat, ao diatinet correlation aitb the independent 
varieblee, if tbe cleer eex-epecifio Men differencee for the veriable 
*'Iendling electrical eppliencee" ere excluded. 

The reeulte in deteil era ee folloee: 

o Tbe quentity of pbyeice educetion bee no influence ra energy eeving 
ooMiteent or on cbe bendling of electricel equipment. Tbose ebo deel 
aitb energy ieeuee outeide ecbool, boeever, beve e greeter coeeiteent to 
energy eeving (B - .i7). 

o Tbe i&fluenoe of verious inetruction concepte ie ia tbe ceee of energy 
eeving coeelteent quite eieiler to tbeir influence on ettitude foraation 
(cf. eection 4.3). k furtber intereeting feeture is tbat tbe concept 
"Practical treateent of physics guided by interest" has no affect ob the 
"Handling of electrical eppliences". 

o The influence of tbe eedie on receptive energy seving coaeitaent is 

Xiaited (n " .14). There is no evidence of increased active coaaitaent. 

o Hen bendle electricel equipaent far eore frequently than aoaen (fl « .60). 
This role distribution reaeins ahen the lesser practicsl knoaledge of the 
aoaen is taken into account. Foreer secondary aodern etudents are tbe 
feaale group aost affected. 



4. 8oae conslueioas 

Tbe results listed in section 3 end the findings suaaarized in |4| indicate 
that physics instruction as practised in our echools has en effect even in 
the long t«r». For furtber developaent of instruction the eajor efforts 
eh«>uld therefore he concentreted on reinforcing the eleaents aitb positive 
influence end evoiding those abich beve proved ineffective or counter- 
productive. The folloaing peregrephs coanent en this aitb special 
reference to the folloaing: 

(1) Didectic concept 

(2) Quentity end contents of pbyeice instruction 

(3) Xelevence for the concept of "reeponeihle citize&ohip" 

Ad (1): Of ell the inveetigeted veriehlee of type of phyeics inetruction, 
the concept **anderetending end diecovering tho laas of physics" had a 
poeitive influence on the aoet investigated veriehlee of education. 
Oateiled reeulte iadicete furthemore thet if this concept aere epplied 
■ore coneietently, pbyeice instruction could be even aore effective. The 
etudy eleo peraite the interpretetion thet instruction ahich siaply iufores 
vtudenta of pbyeice* eignifioence for eociety and everyday life aitbout 
developing their coap^tance to act ie reletively ineffective (of. elso 
ooaaante in eection 3.2). Siairarly, iwatruction geered to precticel 
bendling of equipaent aitbout the eppropriete intellectuel beck-up cennot 
be eipected to produce en iapact evident in the long tere (e.g. influence 
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b« tottght tbicb iaclnda and intar-ralata botk aapacta: 

Sciantlflc oriaatation and practical oriantation, ganaral cognition .nd 

practical r^fartnca to avaryday life. *"«.ion ana 

tlM^' J"*^!?*" ■^''^^ ravaala a significant correlation bataaan tbe 

V^if!*" tubaaqyant laval of pby.ica education 

•iong adnlt», and altbougb tbara ara ao Mtaration affacta, tba iafluance 
°1 !! ffraat aa tbat of tba otbar factora and ia raatrictad aolaly 
to tba variablaa of knoaladga. A cbaaga in tba quantity of pbyaica in- 
struction aould bava Uaa of an affact tban a qualitativa i«prova«ant. Aa 

i"*^»c^*on oontanta ara coacarnad, it can ba oonnudad fro* tba 
atud tbat tba araaa of pbyaica daalt aitb during inatmction ara. at laaat 
'^"""^^ crucial, for tbi» raaaoQ. tba principla of 
aza.pl.ry taacblag and laaraing could ba appliad .ora oftan ia tba sboica 
or contanta. 

Ad (S): Kith ragard to tba apacificationa of **raaponaibla citixanabip- 
includad in Tabla 1, diatinctiona auat ba aada in avaluating tba long-tara 
affacta of pr>yaica inatruction. * 

Tba attituda and babaviour variablaa invaatigatad in conjunction aitb tba 
aptcification -aocio-politcal action aitb an aaaranaaa of ona'a 
raapoaaibility,, and knoaladgaabla public diacussion of pbyaica-baaad 
tacbnologiaa- revssl only s sligbt corrslstion sitb tba scbool vsrisblss. 
Mbsrass tba quantity and tba tbaaaa daalt aitb are not of aacartainabla 
influanca, tbo aay in abicb pbyaica ia taugbt appaara to ba uniqua in ita 
provabla long-tara affact (cf. alao coaaanta on 1). 

Tba altnation ia aucb tb for tba atiaulation of lifa-long interaat in 

daaling aitb pbyaica (anbancaaant of tba individual* a caotional azparianca 
Of natura and tacbnology). lara. too, tba typa of pbyaica inatruction 
(Vndaratanding and diacovaring laaa of pbyaica) ia aoat likaly to ba of 
laating influanca. 

Tba apecification "aaatery and undaratanding of tecbnical appliancaa, 
inalruaanta and ayataaa ancountarad in avaryday life- ia rapraaantad in tba 
atudy by tba varinbla -Handling of alactriccl appliancaa**. por tbia a 
correlation could only ba aatabliabad aitb out-of-acbool variablaa and aitb 
aaz. In particular inatruction abicb aapbaaizaa practical activity, yat 
atbout acbiaving a certain eaount of intellectuel coaprabaneion aDoaara 
to lack loag-tera influence. ' 

Tbe intellect of tbe edult (deeling aitb pbyaica in a aay tbat furtbare 
pareonel intailectuel developaent) ia alone in ita dietinct corraZetion 
aitb abet took piece, quentitetively end quelitetively, during pbyaica 
Inatruction. ffot only done tbeoratioel end preotioel knoeledge depend on 
ecbool veriablee, but phyeioe inetruotion elao appaara to beve en influence 
on ebetber or not nea contenta end inforaetion oen ba prooeeaed eppropri- 
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ECOLOGICAL ASPECTS OF THE SCHOOL CURRICULUW IN 
GEOGRAPHY IN THE BULGARIAN UNIFIED SECONDARY 
POLYTECHNICAL SCHOOLS 

Dr. Dimitar Kantchev 
University of Sofia, Sofia/Bulgaria 

1 General characteristics of the Bulgarian unified secondary poly- 
technical school (USPS) 

The Bulgarian unified secondary polyi chnical school has a twelve-year 
educational course, the children start it at the age of six in the 
first form. A general secondary education is achieved through that type 
of school. Three stages are differentiated in the structure of USPS, 
but they £\re closely related to each other. The first state encoflipasses 
the period from the 1st to the 3rd form (the primary course). The pupils 
there are acquainted with the general picture of the surrounding envi- 
ronment. The core of that school state is the integrated knowledge. The 
second school stage encompasses 4th to 7th form (intermediate course). 
A transition to the differentiation of knowledge is achieved through it. 
That stage lays the beginning of the systematic study of tha bases of 
the different sciences. The third stage includes tha period between the 
8th and the 12th form (the high course). A systematic and a profound 
study of the principles of science is gained up to the 10th form 
through the separate objects. The students are prepared in a certain 
profession and trained to a certain degree during the period between 
11th and 12th form. The learning of some basic subjects for general 
education continues in parallel to the professional training. TIte In- 
tegrated knowledge finds its due place in that final stage of school 
education by the introduction of some interdisciplinary subjects. 

What has already been said refers to the obligatory education. An op- 
tional education is introduced into that type of school as well. This 
new conception of the Bulgarian school education reflects the dialectic- 
al link between the all-around development of the personality together 
with its specific gifts and abilities. 
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A governing Idea in the process of selection of the learning contents 
In all school subjects is represented by the necessity to Include a 
quantity of knowledge which should be absolutely necessary for the Bul- 
garian citizen, without any reference to his future profession. There 
Is a close Interaction between the separate subjects and between the 
school curricula and the sphere of cultural and material development. 
An Important requirement to the educative process of the USPS Is to 
stimulate the creative abilities of th- students, to apply the problem- 
solving approach, to comWne the individual with the collective manner 
of learning. 

Geography is one of the basic subjects. It Is Introduced In the 4th 
form as an integrated subject with history directed to the study of the 
native country. Geography Is a separate subject from the 5th to the 
10th form (two lessons per week). Geography Is an obligatory and an op- 
tlonal subject In the 10th and 11th form; it will be an optional sub- 
ject in the 8th form also In future. 

and contents of the school curriculum In geography In the 
schools (according to the present curricula) 

Geography of the continents Africa, South America and 
North America 

Geography of the continents Europe (a wider range of 
topics on the Balcar. peninsula and Bulgaria is Included), 
Asia, Australia (with Oceania) and Antarctica 
General physical geography 
Economic &nd human geography of the world 
Geography of Bulgaria 

This curriculum proves to be efflcica but it creates some problems due 
to the insufficient number of lessons devoted per school year. The main 
shortage of lessons is noticed in the curriculum of geography of Bulgaria 



2 Structure 
Bulgarian 

5th form 
6th form 

7th form 
8th form 
9th form 
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in the 9th form, bec^ it includes physical, economic and human geog- 
raphy. The future curriculum is planned to devote one lesson per week 
in the 10th form. This will create better conditions for a profound 
study of Bulgarian geography. It will be possible for the children to 
acquire. the necessary knowledge about the nature in Bulgaria, its natur- 
al resources and their rational usage^ its population and labour re- 
sources, to learn more about the Drdnch and territorial structure of 
the national econoff^ and the problems concerning their development ^nd 
improvement. 

3 Ecological aspects of the different school curricula in geography 

The ecologicaV problems of the present are included in each curriculum 
regarding the specific purposes. While studying geography of the conti- 
nents in the 5th form there is an introductory part which reveals the 
basic notions and laws of development of the environment and society. 
A special attention is paid In that general part to the control of the 
air and water pollution, while studying the atmosphere and the hydro- 
sphere. The students are acquainted with the Red Book in the parts con- 
cerning lithosphere, plants and animals (such species that tend to 
diminish or disappear). The regional part of that curriculum covers the 
national parks Serengeti, Yellowstone etc. The interaction between na- 
ture and society is reflected on the background r.' the continents 
Europe and Asia. 

The 7th form curriculum centers around physical geography, the elements 
of nature and the natural territorial complexes. It is important to 
notice that one quarter of the contents is devoted to the air, water, 
soil pollution in every lesson. A knowledge about the degrading land- 
scapes and their recultivation is given as well. 

The Bth form curriculum about the world economic and human geography 
deals widely with ecological problems. Thsy are conveyed through the 
study about the separate Industrial branches: power generation, metal- 
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lurgy, chemical industry etc. The students learn about the various 
means of control and limiting of pollution: new technologies, efficient 
purifying systems. There are lessons under the topic 'Global problems 
of the present day* which aspects are mainly ecological. 

The 9th form curriculum aims at Bulgarian geography • both physical and 
economic. Ecological aspects are characteristic of relief study, of the 
natural resources, climate, rivers, soil, plants and animals of Bulgaria 
these problems are grouped around the natural regions like The Danubian 
Plain, The Black Sea Cost, the different mountains etc. A special atten- 
tion is paid to the national parks. The study of the national economy 
introduces the ecological problems through the branch and regional 
aspects. On the whole ecology is regarded as one of the main trends in 
geographical school curricula. The last lessons of that curriculum are 
under the title 'Control of pollution and recultivation of the natural 
environment in Bulgaria*. It summarizes the main ecological aspects 
present in the other topics. 

4 The methods of teaching and learning 

The most important methods are the story and the lecture of the teacher, 
the organized discussions with the students, the direct observation of 
the natural objects and phenomena, field work, writing reports; the 
students take part in different social activities as afforesting, main- 
tenance of the school environment, pla>5rounds etc. 

The main form of organisation is represented by the lesson: a lesson- 
seminar, a lesson-excursion. An integration is under way with scientific 
workers and research institutes. Their members take a direct part in 
the educational process. In this case the schools are allowed to use 
the material equipment and laboratories of the institutes and universi- 
ties. The extra-curricula add to the deepening and widening of the eco- 
logical aspects. Extra-curriculum forms are functioning in each school 
under the topics of control of pollution by the young generation. A 
great variety of activities are organized - geographical evenings, stu- 
dents' conferences, posters are issued, social activities are initiated. 
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The ecological problams involved in t> school curricula increase their 
importance, the main task is how to intervene them in the main educa- 
tional stream. Vc is necessary to increase the efficiency of that type 
of ecologisation of geography through improvement of the school curric 
ula, and through enrichment of the methods of teaching. 
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Bmc* 

A PLAUSIBLE APPROACH FOR HIGH SCHOOJ- STUDENTS 
Dieter Nachtigall (University of Dortnwnd, Federal Republic of Germany) 

An investigation with 600 students of crades Q to 11 u ^ 

after the Tschernobyl desas^Tsh^ Sf? o„?/?|'if°^f 

Here is an ^roach* for pupils of age 15 to 16. 
Preknowled^ e: 

It Is Impossible to accelerate a material body (like a' rocket, an air- 
plane, a dust particle, a proton or an electron), i. e. a 'body* to a 
velocity of 3 • 10^ m/s. 

A plausible approach 

A constant force F acts upon a body with mass m. 

According to Newton's second law we have, when the body was at rest, 
after the time t: F t = m v « p. 

m V . p is the momentum of the body, v its actual velocity. Because the 
body was at rest at t « 0 we get 




This is a straight line the slope of which depends on the mass m of the 

body ; m big ^ flat slope, 

m small — > steep slope. 

• ihis approach is based on an idea of E. Rogers 
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A more detailed graph: 




The STjall hatched area 4 (m v)v* is that portion of kinetic energy^iE 
which is added to the body in the last small time intervalAt. 
As a good appronimation we get 

^ (m y) • V = F'At 
« F-At — » F i^s 



/^s Is the path of the body during ^t, 

V is the average of the velocities at the beginning and at the end of 
the small last time interval t. Thus the product Fas is the work done 
at the body during sit. It appears as increase of kfnetic energy ^E^^: 

A Fj^ = F'/i.s a /\(n, v) V*. 

The total kinetic energy received by the body in the time interval from 
t « 0 to the actual tlmo t '.s given by the triangle under the straight 
line (-^ half cf the rectangle): 

\ « 1/2 m-v? « 1/2 m v^ (2) 

Me nc. .issyfRS that the force continues to act on the body. Thnrefore, 
velocity v ijnd nionHjntum p increase more fnd mora. But even if the force 
ccts for a century, we never get v « c. 

Lefs assume we get 'nearly* c, e.g. Z . 1U\ s not an exact value, 
perhaos 0.99 c or 0.9999.. c. Tnerefore, i.e write ^n all formulas, in 
wh^J^ t appears, not » but « . 
We must now complete our last drawing: 

ERIC ^.24^ 
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If V approaches c and becomes c'. then the momentum of the body Is 
Ap «mr. It still becomes bigger as long as we apply the force, but v 
never becomes c. The body gets more and more kinetic energy without 
increasing its velocity. 

This is only possible if the ;i,ass m is increased accordingly. The change 
of the momentum, Ap, is then 

^ p ^Am • c' 



But according to equ. (1) this increasing momentum is accompanied by an 



increase of ^Ej^: 



Am*?'. 

The kine^^c energy i? represented by the hatched area of the last graph. 
How big is this area? The area is given by the product of m? and ? minus 
that part which is situated between the curve and the straight line with 
V « c. Therefore, we have now 



m c c - 'something* 
Ej^i^mc' - 'something'. 



(3) 



The strange 'something' must be a quantity which exclusively depends on 
the particular body, because the slope of the curve in the graphs is 
dependent on the mass. Therefore: 



or 



<y m ^' - constant 

<vm c' * constant + E^, 



(4) 
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All three terms must be energies! We call 'constant' the rest-energy E 
of the body. That's the energy the body has when at rest: 



and we call the rest-Mss of the body* 



The rest-mass and the kinetic eneroy form together the total 
energy E^ of the body 



. E, 

If we derive such expression from special relativity, we get the exact 
formula 



(5) 



Now E,^ is the relativistic kinetic energy! 

But up to now - for velocities v « c - we had always used the familiar 
formula 

E,^ « 1/2 m v\ 

m was considered to be constant. But we knsw now that m increases with 
the velocity. This increase is shown in the next graph: 




The relativistic kinetic energy contains now the relativistic mass: 
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For v<J: c this formula must reduce to 1/2 m v** 



Proof: Yf^==? • 1 + 1/2 X If X 1 



X " 77- : ===;, • J— «U0051 ^ 1 + L-L . i.oOSO. 

100 roTgT 0*9949 2 100 



If X - vVc*, it follows 



1 v* 



T-* « 1 + - for v«' c, 



Then w get from equ. (7) 



" rr=Tf ■ V' • V^' < / ' - 1 > (8) 



»«qC' (1 +1 )!l -1) 
2 c 

- 1/2 fligV'. 

For v^<c we get our familiar formula for E^. But with m - m equ. (S) 
tells us that th£ relativistic total energy is n. c' and (£lus) the 
v-dependend relati'.is'.:^ kinetic energy E,^ (equ. 8). 

. n . c' . ra^c' + E^ . O, 
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M.SS «nd en,rgy are equivalent, we can axpress «a$$e$ In energy units 
»nd vice versa. 

If we add the energy aE to a body, then the mass Increases: 



. A(n cM or 

' ^<"<^ ' because c . constant, and finally 

Am •'if. (10) 



Changing the energy of a body by a E aeans that Its n.ass is changed by 

Aw ■ — ■ , 

c* 



Cx— pies; 



1. Two spheres of clay, each one with « 1/2 kg, approach each other 
with V ■ 1 m/s 



(p|)at rest, no £^ . 

0X0 



(m^c* t 1/2 m^v'}^ + (m^c* ♦ 1/2 i^^)^ - ^%^'U*Z " 



2m/*«/-M^cS 
K ■ 2q^ ♦•o^— ; 



V* 

" 0 0 0 t 



Increase of mass 
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2% ^ 5.10 
This ratio Is too small to be measured. 



2. A spring of mass m » Jk-j Is strained. The length of straining be 
0.1 m «Ax, The spring obeys Hooke's Law. The average force needed be 
F « ICO N. 

The work required for straining Is equal to the Increase of potential 
energy Ep : 



« AEp = F • itx = 100 N • 0.1 m 
AW « 10 J 

Am « 41. ILi.,. ^0-16 
c' c' 

0 



This ratio Is also too small to be measured. 

3. A bulb of 0.1 « is connected to a battery with the mass m = 1 kg. 
he bulb glows fcr 24 hours. The battery then has lost the energy a E 
(chemical energy): ^ 



It Is 

» 0.1 J/s . 24 h . 3.6 . 10' s/h 
AE = 8640 J. 

The battery has lost 

AE 8 64 10' J 
Am . ^ . ]Q'^hg. 



0 



Also this ratio can't be measured. 
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4. An iron-sphere of nass n,^ . , leg is heated to . lOOO'C. 
Specific heat of iron is C^^ = 0.448 kJ/kg "C 
The energy transferred to the sphere is (internal energy) 

"^^^i ' ^Fe- "o'^T . 4.5 . 10^ J. 
The increase of mass is 

= 5 -,0-12 kg 



Still too small to be measured. 



5. When - 1 kg dynamite explodes, the amount of 
A E « 5.4 * 10^ J 
of energy is released. 
Therefore 

5,4 • 10^ J 

^m 



9 -lO^V/s' 
Am « 6 • lO'^Hg, 



-^-6 •10-^\ 



Still very small. 



6. T«, tellites. each with restmass = ,000 kg. approach each other. 
Re ative to an observer on earth each one has the speed 13 kn./s. The 
potential energy with respect to the earth shall be neglected' The 
satellites undergo an inelastic impact and are now at rest relative 
to the earth. 

Their total mass K is now bigger than 2m , 

" 0 
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2 2 • 1/2 m^v* 




- 1.9 • lO'^kg . 



. 2 -10* kg + 2 • 10"^kg 



Theoretically one could measure this ratio. 

7. U-235 Fission: 

U-235 + n-5>Ba-141 + Kr-92 + 3n + 200 MeV 
AE = 2 • 10^ eV -1.6 • 10"^^ J/e 
AE = 3.2 • lO'^^J . 

Let's assume we have m^ s i kg U-235. 

Thus 1 Kol = 235 g. 

Therefore , 

1 kg U-235 contains 



1000 g . 



i23 



•6 -10' 



l/mol r 2.5 • 10^^ Nuclei. 



235 o/mol 



Now we assume the fission of 1 kg: 



AE = 2.5 • 10^^ 
A E « 8 • 10^^ J 



3.2 • 10""j 




- 1 • 10 



m. 



0 
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This ratio is the reason. of the desasterous effect of atomic bombs. 
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Conclusion; 

We had different forms of energy: 

» total energy 
Ej^ » klnetlcenergy 
Ep « potential energy 
E^ « Internal energy 
Eq « other energies 
Ej, « rest energy « m^c' 

Any change of one (or more) of these energies can take place onV^ In 
such a way that the following equation is fulfilled: 

E|^ +.Ep ♦ E^ + Eq + m^c' « const 

Energy (including rest energy) must be conserved. 

Another version of the principle of energy conservation: 
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•WTIONS OF PHYSICS 
LECTURES AND lUUSTRATIONS 



Dr. Rodngue St. Laurent (Itoiversitfe du Quebec k Ghicoutimi, 
555 Boul, de Vltoiversitfe, 
Chicoutiai, Quebec, Canada) 



Almost an the vocitional secondary school teachers notice 

C T^Y^.l't'V^^XV'ir » °' " sc1e"nc2°co"rses. 

S«o !5 *2 ^1°^'^ ^« o**"" Iwve difficulties to 
f^^^ vh^!»*^l"5.'^' '^'"1 °^ the physlcn notions which 

,^^^2 ^S^^^ST'S"^/^*^ "^«- The scientific 
'^l^ •''St"". Often they will manipulate algebraic 

mnJ !^rL"i.«"l".''"?*'?*"""'^?9 °^ Phys^"! phenomenon. So 
rJTtJSlJ """"^ns for the students. This last 

^ "provincial survey carried out In 1984-1985. 

The knowledge of the following .notions was tested: natter, tcnpsn- 
ture. movement, speed, acceleration. Inertia, force, work enarw 
rJ.tKnH It^" "",2 P»5«) Show the surv'ej^s characT 
students " ^ •'i^^e'"'"* 9'"0ups of 

We agree with G.W. Orpwood* that generally speaking: "in 
!!SnS ""i! "5?ols« fie students manipulate terms, mathematical equa- 
tions and not ons without.any corresponding link to physical reality" 
A new pedagogical approach to teaching scllnce Is a Suit. This s ' 

tht ^tt ^I^^I!^„^ "^"2"=" P"»J«"- Thirteen lectures covering 
the most Important notions of mechanics were prepared and Include 
the three general themes: atom. Inertia and universal attraction. 

to th^ tlr'^l?nL^''\'^/ llV S"^ important to teach the atom 
«n^«J2 students? Beacuse the phenomena of nature like 

transfer and gas pressure cannot be satisfactorily 
oJ'^lSl ♦2™^^°"!-?*u[l°!^2" °^ ""at is the exact meaning 

?r f"*^ ^•"^^'•'^ heat Is transfered to a body? 

iJjLi^ fi!'"'^^ '11*'''^ *° Jhese atoffii which Is called thermal energy. 
SSv"^! ??^*^ of the atoms Increase, they occupy n»re spacelnd the 
^fVllnlX' 15' t"?'?"'*"'"' °^ *he body will be an Indication 
iL^fin^'^fS: It ""♦""S °l s""* molecules. Now how to teach 

Z\^m difflr^t «*°.tJ «k the students 

«2t«r?^i '^'^5* °^ ' ^J""- These parts are made of different 

Kl;!' "^^rJI^ '"5?''" «••« 0^ different elements. 
:„?^?H °^ ^« "^""^ introduced. From element 

S^^nS*""'^*/','"^ Introduce the notions of the rolecui-s. cwn- 
pound. chemical reaction and heat. 



* Orpwood. G.H., Souque, O.P. et coll. (ig84) 
L enselgnement des sciences dans les <co1es canadlennes. 
Consell des Sciences du Canada. Ottawa. Ontario. 
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4e , The second general thetne is inertia. Matter Is inert. This 
Is an lifurtant property, of natter: "A particl™1eft to tself cannot 

state^^of .novercnt.- It is eksy to notiw "eriia duH^S 
lnf2??.*T?h!!"'' ' '""•<"9 "her easy experiments? 

Mt on^TwL' • Then from the notion of inertia the 

.I2Jt?2n*S .rS^?!; It""^ *"''9"- seneral theme 

S-2?Jh'ri^n/* I!" y"""^ attraction. This notion 5an be intro- 

h, n r^i^So? "^^^"5 °" Pl»"«- The velocity of the 
mlLr SJJrt't? °" ^5 universal attraction; 
wtter attracts natter. Naturally the notion of weight follows and 
then those of pressure, Pascal's and Archimede's principles' 

i. ctc .JVK?!''**''^."'"'^"*'* saturation phenomenon, each lecture 
lasts about thirty minutes. The scientific subject iJatter s always 
?rw?« " ^"^ """^"""^ « P«=^<''le wiih ma^ examples 
l^fe flr LamSfr*!!"^ illustrations chosen from the stSdent's 
life for example the human body and the car. 

The integration of the fundamental notions into the vocatio- 
^oLSIiSrJ'!' taplemented by either one of the two follow ng 

thP SoS „n'''!;'^f"' f^"*.' """^^s of lectures may be given at ' 
the beginning of the students' academic ^rear. or else, at regular, 
intervals throughout the first part of the year. Secondly, a certain 
nu.r4er of notions centered on areas of interest such as electric 
circuits and cooling systeirs which are themselves modules of the 
vocational program. "wuuics ut me 



Example: 
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4- ♦K. ?* research project Is related to the training of students 
cJJ«t« ?2'!!r"'«^*^'^"'' the vocational program. The 

b^S Sf^thS Pro5ll«"^"'' of the student 



The school system In Quebec .Is designed to offer complete 

educatlona services to all citizens from the flve-year-old child 

!!!J!J«S Di"n"'^?[*'«' ? university graduate with his newly- 

bJ^Se^foKing'S^Kr '''"^ ""^"^ ^P"^""*^" 

KIndtrgiften Elemtnte^ Stcondaiy -OEGEP*^ 
lytw tchool school 2.3 yew 

$ yuxs old 



1- Short vocational, 4 years 

2- Long vocational, S years 

3- General, S years 



University 
U\ cycle 
3^5 years 
2n0 cycle 
V2 years 
3rd cycle 
2 years -r 




Labour market 



Adult education 



The following didactic french material will be presented: 
a book.let containing thirteen lectures for the teacher; 

a booklet containing sunme- ,es of the thirteen lectures for the 
students; 

two ••video-cassettes'* recorded In a classroom where the lectures 
were given to a group of students. 



Notions of Physics 
Lectures and Illustrations 

nniiK.. ^.^^ °^ research project at Unlversltfi du 

Quebec a Chlcout ml Is to make Sciences Interesting and accessible 
a^.J5pH'?S^M""^ students by developing teaching ^terlal "h 
^rh.nt^!^^^!"g4"?^^^!^^^ ^^"^^^ In yoss^ble to become a good 
mechanic or iwcninist without an In-depth knowledge of the meaning 
of the terms like: •'Inertia", •'force", ••work". Way-; Wr" 
llr? nS'JK- .^l!^' investigation, we hope, will have p^UlS 
o^n^g" ^he future career of many students making t hem able t o 
grasp tue evolution of Society and to adapt to it. 
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VITA 

Rodrlgue St-laurent, the son of Oohnny and Marie St-laurent, 
Mas bom on 30 March 1921 .In la Tuque, Quebec. 

He attended public schools In Quebec and also the Ecole 
Normale d'lbervUe where he obtained the Brevet Compl^mentalre In 
1939. During the following years fie was employed as a teacher In 
Ecole Champagnat In Montreal. At the same time he entered the Unl* 
vers1t6 de Montreal as a part*tl7)e student. In 1943 he entered the 
Ecole Nonnale Valcartler from which he received the Brevet Sup€r1eur 
In 1946. He received the Bac. (s Art In 1947 from ths University de 
Montreal • 

In September 1947 he was employed as a teacher in the Academic 
Commerclale de Chlcoutlml. During the summers of 1950, 1951 and 1952 
he attended the University de Montreal. He received the degree of 
licence en Pedagogic et DIplGme d*0r1enteur Scola1re« 

He then entered the Catholic University of America during the 
summer 1955 and obtained a Bachelor In Electrical engineering degree 
In June 1958 and a Master of Science degree In August 1958« 

He was then employed by the Ecole de 6€n1e et de Commerce de 
Chlcoutlml until the foundation of the University du Quebec S Chlcou- 
timl In 1969. He was awarded scholarship during the academic years 
1969-1970 and 1970-1971, In order to study at the University of Texas 
at Austin. There he completed his work for the degree of Doctor of 
Philosophy In August 1972. 

He was the Head of the D€partement des sciences fondamentales 
de runlverslty du Quebec & Chlcoutlml from 1975-1979 and from 1980- 
1982. 

His research publications Include: 

- **Iritegrat1on de notions de sciences physiques de base au contenu 
technique en Cqulpement motorlsfi et en hydrothermle" 
Rapport 3, novembre 1984 
Rapport 4, octobre 1985. 

• Sciences physiques (mficanlque) 
Cours et Illustrations 
Septembre 1986. 

• Sciences physiques (mficanlque) 
Notions lllustrles 
Septembre 1986. 

• Study of the Effects of Algae on the Ultrasonic velocity and the 
Absorption In Fresh Water. August 1968, thftse de mattrlse en 
Sciences, Uashl'^gton, D.C. 

• *^Prompt X-Ray Measurements fron Spontaneous Fission of 252 Of**. 
Ph.D. thesis. 
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THE PRE-ENTRY SCIENCE PROGRAMHE: A BRIDGE BETWEEN SCHOOL 

AND UNIVERSITY IN A DEVELOPING COUNTRY 
Drs Ernst Engels (University of Botswana) 



i.l History nf » he programme 

In the early seventies the intake of science students at the University of 
Bot3wanai never exceeded 40 per year, despite an increase In numbers of 
Form V leavers from 200 in 1 97 1 up to 500 In 1 975. 
Furthermore, their success In the first two years BSc programme was 
rarely better than a 60% pass rate. The total numbers of students in the 
science-based courses fell far short of the manpower requirements for the 
future Ten years after Independence the country had virtually no middle- 
or higher level local manpower cadre. In particular In the science-based 
positions the country was completely deper'^ent on expatriate specialists. 

One of the reasons for the low number of science students was a poor 
performance at school due to a lack of continuity in their education. About 
90?? of the science teachers in the country were expatriates jvith short 
term contracts which were often out-of-phase with the school year. This 
and other factors had a deteriorating effect on the quality of science 
teaching. 

It was decided that the quality of education could be remedied by mounting 
an upgradmgs course for Form V leavers who intended to study science at 
university level. The Idea was that this might help Improve the chances to 
pass university diploma and degree courses and therefore enhance the 
numoers and quality of citizen science teachers, both at Junior and Senior 
level of the schools. 



In 1975 the University of Botswana assisted by the Free University of 
Amsterdam formulated a proposal for the establishment of a PRE-ENTRY 
SCIENCE PROGRAMME Ten years ago this project became operational and 
this paper attempts to introduce some of its features. 

1.2 The educational system of Rnfrgwan;^ 

All students who ^-^^er university have gone through 7 years of primary 
education and 5 yea^ of secondary school. At the end of secondary school 
the Cambridge Ordinary School Certificate (COSC) examination is taken. 
This IS set sad marked in England. Batswana students write their COSC 



Q I By then the Gcboronp campus of the University of Botswana. Lesotho and Swaziland 
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examination In December and the results are out In March/April of the 
following year. The university year starts half August and offers degree 
progrdnmes of 4 years, the first two years bemg equivalent to the British 
A-level. All school leavers have to pass the Pre Entry Science Course 
before being allowed to enter Year I of the Faculty of Science. 

2. THE PRg gNTRY SCIFNCF PRQGR/WIg 

The first Pre Entry Science programme was run In 1977 and the Intention 
was that the project would be of a temporary nature. However, the original 
hope that a five year period would be sufficient to show a large 
improvement In numbers of qualified science teachers has shown to be too 
optimistic. The project has evolved from an Independent, temporarely one, 
towards being established as a fully Integrated department In the Faculty 
of Science at the University of Botswana. 

The programme contains different components of activities: 

?,1 Selection Of science students 

The Pre Entry Science Course (PESC ) fits In between the time that 
students leave secondary school and the beginning of the university year; 
the course starts in early January and finishes at the end of July. Since 
the :0SC results only are published at the end of March, students are 
selected for PESC using a battery of specially devised aptitude and 
achievement -tests. These science and mathematics oriented tests have 
been developed by the Department of Organizational Psychology of the Free 
University Amsterdam in cooperation with the Research and Testing Centre 
of the Ministry of Education and staff of the Pre Entry Science 
programme 2 Also a part of the selection procedure Is tne use of teachers' 
ranking of the students based on their performance In the sciences 3 at 
secondary school. 

Using a different selection mechanism than the formal final school 
examination introduces some Inherent problems and a small number of 
PESC -Invited students do obtain low results for their COSC examlnatloa 
However, the University has decided to allow all students to proceed In 
PESC as long as their results are satisfactory. 
A few students not originally selected through the PESC - tests are Invited 
to join the course after obtaining good COSC results In the sciences. These 
students could enter the course as a late-entry student In April of the 
same year or in January of the next year. 



2 See Drs W.M.M. AUInk. Testreseorch In relation to selactlon for Science Pre Entry Courses In 
eotswane. LesoUw end Swaziland EMES/FUA, April 1 984. (unpublished) 
Q 0 sciences; including mathematics 
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22 The Pre Fntrv SrKmrA rAnp^p 

Five subjects are taught; biology-, chemistry. English/study skUls. 
mathematics and physics . the academic level Is In general at about 0- 
level. but In some Instances topics are discussed at greater depth, in 
biology, chemistry and physics at least 60X of the contact periods are 
designated for practical classes. Thfe course Is structurk^ in four units of 
4 weeks each and one unit, the last one. of three weeks allowing more time 
for final evaluations. After each unit one evaluation week Is scheduled. 
There s attention for the remedial aspects In the course: students come 
from different schools with different subjects taken for their final school 
examination. Each teaching week contains tutorial sessions to allow staff 
and students to Informally discuss difficulties that at the end of a week 
exist. A normal biology week for Instance, would look I Ike: Monday: lecture. 
I period; Tuesday laboratory. 2 periods; Thursday: laboratory. 2 per'ods- 
Friday: tutorial. I period. Laboratories can be Innovative as well as 
Illustrative. Since only few secondary schools are In the position to 
organize regular practical sessions, the students benefit greatly from the 
emphasis on practical work. ^ 

The teaching strategies are aiming at the development of academic skills 
and the understanding of the scientific method rather than at the 
crammihg of facts < The unusual nature of the Pre Entry Science Course 
stimulates the lecturers to produce teaching materials that are tailor 
made to the needs of this bridging course. Horizontal links between 
subjects are established, not only between the sciences but also oulte 
strongly with the English/study skills course s . a programme has been 
developed that would not show the characteristics of an Isolated barrier 
between secondary and tertiary education but would students prepare for 
academic studies. 

Fig. 1 (next page) shows the numbers of students that completed the 
course from I977 until 1986, the Intake of the running course and the 
expected enrolment In the future until 1990. (T. S. stands for Tirelo 
f^f^^^^' ^ ^oi" secondary school leavers who 

^«oi;°^f'""^ «<l"«t'o" at tertiary level and Is compulsory 
since 1985).The diagram shows that starting with 105 students In 1977 
the programme Is expected to enrol 340 students by 1990. The staff also 



^ ^/F121'.*' ^.l-^s. « mettwl to tea* the scientific approach in experiments to third 

Jm^viiT^llS^^kllSJ*'^!!^ R«<«rch Journal Vol 3 

* i;^'^*^ ^- 0^1««''dS. Panday. University of Botswana 
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has considerably expanded, from 5 subject teachers up to a planned 19 by 
1990, The PESC Department Is the largest department at the University. 

Flg.l Pre Entry Science Completers 
and future enrolment 



numbtr ^ 
or 

students 




2.5 Evaluatio n of students' rpgults 

The University of Botswana offers a number of different B5c courses, 
Including environmental science and geology and of BEd (Science) courses. 
The first year of tK? degree programme Is a common BSc/BEd(Sc) year. 
Also diploma courses In secondary education (Science ) are offered, 
training science teachers for a career In Junior secondary schools. 

The Pre Entry Science programme Is requested to make recommendations 
to the Admissions Committee of the University as to which level the 
students should proceed. . There are three possible recommendations: 
degree, dlolom^. or no recommendation for a science- based study at 
university level. 

The recommendations are Important for the further career of the students: 
the C70vemment of Botswana would not sponsor students for other than 
science based courses at the level of i:ie recommendations, but not 
necessarily at the University. 

Not all students obtaining a degree recommendation take up the offer to 
continue at the University, some of them will have obtained scholarships 
from private companies. Some of these scholarships are for studies abroad 
although there Is a trend to have more students completing their basic 
studies first at the University of Botswana Equally, not all students 
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Obtaining a diploma recommendation (DSE-sclence) accept the offer to be 
traJ.^ed as a teacher. A large proportion would cpt for other science 
courses at diploma level outside the University. 

Fig. 2 shows the nwnbers of students th3t have completed PESC and have 
enrolled In either degree or diploma programme::. For comparisons reasons 
the intake In Year I of BSC Is shown from 1971, the beginning of that 
programme. Both the Pre Entry Science prognmime and the diploma 
programme In secondary education (science) ( DSE), began In 1977. 
The drop In the number of students fn 1985/86 Is Aie to the compulsory 
participation of Form V leavers in the national service scheme (T.S.). 
A pronounced increase of student numbers entering the degree and diploma 
programnaes can be observed since the establishment of PESC. 



2S0y Fig. 2 PESC 



3 EVALUATION OF THF PROfiPAMMP 

The Pre Entry Science programme has been established to prepare students 
better for a science study at the University and to Increase the numbers of 
students entering In science based programmes. During Its existence over 
the past 10 years It has seen a rise in the number of students entering the 
Science degree and diploma programmes. It also has seen an Increase of 
pass rate in the first two years of the degree programmes. !t Is however 
^ -difficult to establish what the Impact of the Pre F^try Science Course has 
I /- een on both the ino^ease In nanbers and qualUy of students. 




completers 
and 



T.S. 



0<>~O-O— 0- ^ > T I 1 1 , I I , , 

197 197 197 197 197 197 197 197 197 196 198 196 196 196 198 198 
1234S678901234S6 

years 



244 



The number of schoolleavers has dramatically Increased In the country 
over the past 10 years and relatively also the number of students who 
would have qualified to enter a BSc/ BEd programme, based on their COSC 
results. The direct effect of PESC In Increase of numbers would come from 
students with poor COSC results but are selected by the PESC tests and 
proceed to do degree studies. There would also be a number of students 
that would have failed to make the grade without the assistance of an 
upgradlngs course In science and do manage the high quality degree and 
diploma courses at ^:ie university. 

One of the Indications that PESC Is heloing to Improve the quality of 
students in the science programmes is that the students that enter the 
course late, based on their very good COSC results, practically always fall 
to obtain a degree recommendation, apparently because of having missed 
the first two months of the course and are being disadvantaged compared 
with their fellow students. 

It Is recognised by the Ministry of Education and our colleagues In the 
Faculties of Science and Education, that the Introduction of the Pre Entry 
Science programme has helped to Improve the quality of the students that 
enter their programmes. 

^THEFWRE 

The Ministry of Education has embarked upon a large Increase of secondary 
school students and also an expansion of tertiary education, especially in 
sciences. As one can see from fig. l this means a large Increase In the 
number of students entering PESC. The country is also committed to a 
change in the educational system (see following page), which might 
influence the quality of education, hopr-Mliy for the belier. The 
introduction of the compulsory national SY/lce scheme for secondary 
school leavers two years ago Interrupts academic life for one year, which 
makes the existence of the Pre Entry Science course even more necessary. 
Looking ahead the Indications are that what was originally a temporary 
programme will be essential In Botswana's educational system for some 
years to come.^ 



E RJ C ^ » would like to thank my coll*0*bp*1. Cantrell for his aMce and (te editing of this paper. 
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The educational sqstem In Botswono. 

Until present, primary education takes seven years. Pupils may enter 
standard I in the January following their sixth birthday. Promotion from 
one standard to the next is automatic; repeating of standard seven is 
allowed in exceptional circumstances. The Primary School Leaving 
Examination grades the performance and acts as a selection mechanism for 
Junior secondary school entrance. 

The medium of instruction in standard 1 - 4 Is Setswana, thereafter 
English. Primary Education is for free for all Batswana children. For about 
50^ of the pupils completing standard 1, the priiTiary education is 
terminal. 

At the moment secondary education is provided in 23 Government or 
Govemmsnt aided schools and 17 Junior Community schools. There is a 
three year Junior secondary school curriculum followed by the Junior 
Certificate ( J.C.) examination, whicfr \% locally set and marked. Selected 
students enter the Senior secondary school for two gears and oit the in 
England set and marked Cambridge Ordinary School Certificate (COSC) 
examination. 

Promotion at the secondary schools is, apart from the two examinctions 
mentioned, also automatic. 

Good COSC graduates may enter University level courses, but first they 
participate in a National Service programme, Tirelo Setshaba, for a full 
gear Most participants function in the rural areas as assistant teachers 
and assistants in clinics and agncultural projects. 

University entrance is based on the COSC examination results for the 
Faculties of Humanities, Economics and Social Studies and the Faculty 
oftducation. However for thd Science Faculty the candidate students are 
selected by the Pre Entry Science Oepartment and have 3t the end of the 
programme to be recommended for either the degree or the diploma studies 
in science or science education. Students with good COSC grades for their 
scienre subjects and not originally selected by the department are Invited 
to enrol the PESC programme. 

The country is changing the educational system from 7 gears Primary 
school, followed by 3 gears J.C. and two years COSC (7, 3, 2) into: 6 years 
Primary , 3 gears J.c. and 3 years COSC ( 6, 3, 3 ). 

The first 9 years are meant to offer free educatipn for all children. 
O At the moment the educational system is in a transition stage. 
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Autobiogra phical Note 

Ernst Engels, Bom in 1944 in Amsterdam, The Netherlands. Completely 
impossible at secondary school I had to leave form 2 of a prept'^tion 
school for University (Lyceum) at 14 years of age and tror-^ed a good part 
of the years through Eurcpe and Northern Africa. Was appointed as a 
laboratory assistant at the Pharmacological Laboratory of the University 
of Amsterdam, assisted in Neuro- physiological research and studied in 
the evenings for Ihe secondary school examination. Began a biology study 
at 25 years of age, teaching to foot the bill and for fun. Some nears after 
fimshmg the study appointed as biology lecturer by the f-ee University in 
Amsterdam to teach in the Pre Entry Science Programme in Botswana in 
Botswana since December 1978. 
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A TOOL FOR MEASURING SCIENTIFXC CREATIVITY 
Chhotan Singh (NCERT, New Delhi, India) 



Among the different national resources, the creative potential of the 
human resources appears to be the nnst important since its proper ut.il i<> 
zation can profitably exploit other resources. Thus the consequent need 
for identifying scientifically creative ones is being felt by every 
nation in the present age of rapid scientific and technological develop- 
ments. Hence, the present author undertook the task of developing a 
scientific creativity test for Secondary School Students. 

Creativity can be profitably consider<jd from two angles: (1) product and 
(2) process. From t!.** product point of view, there seems to be common 
criteria irrespective of the fields. For a product to be treated as a 
creative one, It must be novel and worthwhile. It may be novel to the 
society or to the individual concerned. However, in the case of a child, 
Its societal aspect hat to be relegated to the background. It has to be 
judged from the point of view of his experience alone but at the same 
time the idea produced should be based on reasoning and logic. The 
criteria of usefulness and worthwhileness in his case appear to be of 
little importance. Thus In the case of children, only novelty emerges 
as the main criterion of evaluation: whether the product is creative or 
not. This approach is in line with the view about creativity given by 
FLANAGAN, O.C. (1963) who says, 'Creativity is shown by bringing something 
new Into being' (p. 2). 

As regards process aspect, TORRANCE (1962) regards 'Creativity as the 
process of becoming sensitive to problems, deficiencies ^ gaps In knowl- 
edge, missing elements, forming ideas or hypothesis and communicating the 
-esult, probably modifying and retesting the hypothesis'. STEIN (1963) 
al:D considers 'Creativity as the process of hypothesis formation, hypo- 
thesis testing and the communication of results'. In the opinion of 
GUILFORD (1962) too, abilities of divergent production, transformation 
and sensitivity to problem are closely linked with creativity. 

According to HEDNICK (1962), creative thinking process may be defined as 
the forming of associative elements into new combinations which either 
meet specified requirements or in some way more useful'. CYBEE (1972) 
also writes: 'Creativity is the ability to view the familiar in an uncom- 
mon way to make changes or modifications, to see numerous possibility In 
a single object and to synthesized isolrted schemes In a unique and 
novel way'. 

In vew of the above, creativity appears to be a complex concept. By pre- 
fixin the term 'scientific' to it, a new dimension Is added. How the 
question arises: Has scientific creativity some specialities of Its own 
which are different from other types of creativity or not? 
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The present author is of the opinion thct scientific creativity is very 
much different from creativity in other areas. For a poet to be creative, 
one must be highly imaginative. The abundance of fantasy is the prime 
requisite for him. So Is the case with an artist. On the contrary, mere 
imaginations and fantasy will not be of much help to a creative scientist. 
Though speculation and bold guess are sometimes needed by a creative 
scientist to solve his problem, but these alone will leave him In complete 
wilderness leading nowhere near his goal. To achieve something novel, 
creative out of his speculation, he must be capable of observing minute- 
ly, analysing, elaborating and generalising. HADKARO (1945) also holds 
similar view. According to him, the distinguishing characteristics of 
science is to relate the facts of investigation and weave them into a 
comprehensive whole. It is a unique attribute of science and is general- 
ly not applicable to other areas of activities. 

From the above discussion, it becomes quite obvious that while developing 
a tool for measuring scientific creativity, the process involved in a 
scientific enquiry must be properly dovetailed to the factors cle&rly 
linked with creativity. If the tool is further intended to be operational- 
ly effective for use among youngsters, the abilities selected for being 
tested must be normally demonstrable by them. In addition, these abilities 
must be adequately measurable as well. 

It will not be out of place to point out that though much work in this 
area has been done in foreign countri'js, very little has been done in 
India. Moreover, there is not a single scientific creativity test in 
Hindi, the national language of India. The author, therefore, decided to 
c»Mstruct this tool in Hindi. 



the first important step in the construction of a test is the careful 
deliminstlon of areas Involved. To achieve this, the author n^ade a care- 
ful scrutiny of the available tests, which revealed that by and large, 
the following abilities have been included In most of the creativity 
tests in use at present: 

a) combination of ideas 

b) logical thinking 

c) searching relationship 

d) Imagination 

e) penetration 

f) evaluation 

g) elaboration 

h) coomunication 
1) fluency 

i) flexibility, and 

k) novelty (originality or uniqueness). 
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A list of the fibove abilities was subsequently referred to 20 subject 
experts, 5 from each of the disciplines of Physics, Chemistry, Biology 
and Mathematics with the request to Indicate their choice of the abili- 
ties which ore considered to be significant by them for inclusion In a 
scientific creativity test, feeling free to add one or more from their 
side but keeping in nlnd. that the selected abilities must be operational 
anx)ng class X students of science. On the basis of 100 per cent agreement 
among the experts, the following abilities stood selected for being In- 
corporated in the present test: 

a) observing minutely 

b) analysing 

c) imagination 

d) transformation 

e) flexibility, and 

f) novelty. 

It was further decided that, 

the contents of items should be based on the abilities of observing 
minutely, analysing, i«ag1nation and transforMation because of their 
being involved in one way or the other in the scientific process 
each item should be capable of producing flexible responses including 
one or more novel response(s) 

the overall assessment of a response to an item should be done in 
terms of two abilities 'flexibility' and 'novelty'. 

Here, 'flexibility' represents the ability to produce more than one 
category of correct responses to an item and 'novelty' denotes the abili- 
ty to produce response(s) which may be considered as unique from the 
point of view of the level of experiences of the respondents. 

The preliminary test comprising 84 such items was administered to a group 
of 54 science students of class X in three sessions of about 2 t each. 
The responses of each item were then tabuiated. Items eliciting less than 
4 categories of responses were dropped out and thus the rer.aining 52 
items only were subjected to item analysis. 

Item^anal^sis 

The following method was 2dopted for scoring the response(s) given by a 
subject to each item of the test: 

a) a score of 'zero' for showing neither flexibility nor novelty 

b) a score of (+1) for showing either flexibility of novelty alone 

c) a score of (+2) for showing both flexibility and novelty. 

. ur deciding whether or not a response to an item indicated novelty, a 
suggestive list of one or more novel response(s) to each of the ItCins was 
prepared in consultation with the experts. 

For de^ermining the difficulty value of the items, the percentage of zero 
score jn each of the items was first found out and these were converted 
into standard normal equivalent deviates in order to provide a linear 
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scale of measurement of difficulty level of the item. In doing so, it 
was assumed that the probability of failure on an item was a normcl ogive 
function of its difficulty and hat difficulty was linearly related to 
an ability. 

In view of the nature of this test, the computations of phi -coefficient 
based on the upper and lower Z7X of the population was done to examine 
the discriminative values of the items. All the discriminative values 
were categorized into three groups: low, average and high. 

Finally, all the 52 items under statistical analysis were arranged in a 
matrix of difficulty - discriminative values. Items possessing either 
low difficulty values of low discriminative value were considered to be 
of poor quality not fit for inclusion in the present test. Consequently, 
only 29 items lying in the categories of 

a) Average-Average 

b) Average-High 

c) High-Average, and 

d) High-High 

were retained to constitute the final form of the test. 



?£llSyiljY.!Dd.Validity.of^theJest 

The present test being a power-test, its reliability was determined by 
employing three methods: 

a) Test-retest method 

b) split-half method, and 

c) KR^Q method. 

The reliability coefficients obtained by these methods were found to be 
above 0.90 in each case and as such this test is sufficiently reliable. 

In order to determine the validity of this test, the product-moment co- 
efficient of correlation between the score* of 100 students on this test 
and their average scores of two consecutive school examinations in all 
the science subjects and mathematics taken together was computed and was 
found to be 0.61 which firmly establishes the validity of this test. 

Norms 

Percentile norms are universally applicable because they can be not only 
used equally will with adult and children but are suitable for any type 
of tests. T-scores also are normalised standard score. Therefore, the 
computation of percentile norms and T-score norms was considered to be 
roost appropriate for t^e present test and therefore these have been worked 
out from the raw scores ot' 1082 class X students of New Delhi. 

from the above discussion, it is quite obvious that maximjm care has been 
taken to make this test highly reliahle and valid instrument for the iden- 
tification of the scientifically creative students in Secondary Schools. 
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a) Ttie 12-year Premnlverslty Educational Systea in India popularly 
called (10+2) pattern of school education consists of a 10-year 
general education course uniform for all the students followed by a 
2-year diversified course having options for an individual student. 
It comprises 4 stages: 

r. Frioary: classes I-V 

Upper Priaary: classes VI-VIII 
r' Secofidary: classes IX-X. and 

Senior Secondary or (+2) SUge: classes XI and XII. 

The average ages of students for upward movement between consecutive 
stages are (+10), (+13) and (+15) years respectively. 

. By and large, .the Scholastic achieve«ent in the public exaninations 
at the end of (+2) Stage is used as a mode of assessment for universi- 
ty entrance. 

b) This paper fits into the Secondary St^ige of the Indian education 
system. 

c) Or. Chhotan SINGH. M. Sc. (Phy.), M. Ed., Ph. 0.. the author of this 
paper is Professor of Plysics in the National Council of Ecuational 
Research & Training (NCERT), New Delhi, an apex national organisation 
responsible for all round qualitative improvement of school education 
in the country. Different assignments (Lecturer: 1965-74; Reader: 
1974-82; Professor: 1983- ) in the NCERT have provided him diverse 
professional experiences (teaching, training, extension, research 
and developr-nt of instructional materials). 

He has also worked as National Coordinators for the 3 prestigious 
NCERT-Progranmes: 

- the Summer Science Institutes Programm (1975-78) 

- the Centre of Continuing Education Scheme for teachers and 
teacher-educ&tors (1978-82), and 

- the All India Science Education Project (1983-86). 

Coauthorship of 28 curricular titles and publication of 31 thesis/ 
papers/articles, too, are to his credit. 




WOMEN IN SCIENCE CAREERS IN CANADA 

Wanda Young (College of Hone Economics, University os Saskatchewan. 
Saskatoon, Canada) 

Canadian women in science, who are they? What problems, if any 
have they experienced in their professional lives and in their family 
and personal lives? In this study, the female science graduates from 
* western Canadian university were surveyed to find out what science 
education they had; what careers they pursued; what problems, if any, 
they had encountered in the science career; and what rewards the 
career had provided 



Preparation for the Study 

Definition 

At a workshop on the science education of women in Canada, 
FergUiJon (1982) reported that science was considered to be the study 
of biology, chemistry, and physics. 

For this study the above definition was brotdeiied. S'^ience was 
the application of biology, chemistry, ma:hematics, and p.> ics, using 
the scientific method , to practical daily uses. Thus the subjects 
selected fo" 1his study included not only graduates from the "pure" 
sciences in the definition, but also graduates from professional 
colleges which apply these sciences. 

Review of Literature 

The literature reviewed focusd on a theoretical base, some 
problems encountered by women, and Canadian studies on career patterns 
of women in science. 



ERiC 



Theoretical base . Boulding (1976) pointed out the development of 
a new science in the study of sexual differences in society. Hci called 
this science "demorphics". 

Three dimensions for action were suggested by Allardt (1973) and 
Waerness (1978). If women are to become successful, as individuals, in 
coping with family care and a career or profession, they require a 
balance between — having sufficient resources to satisfy needs, 

— loving and enjoying love, care, and friend(.iiip, 
— being in which growth and self actualization bring 
social recognition. 

Problems women in science encounter . The authors in Briscoe and 
Pfafflin (1979) pointed out that biases toward women in science still 
exist in the form of lower salaries; a need to prove themselves 
smarter than male colleagues; inadequate access to training programs; 
attitudes of employers, male colleagues, counsellors, parents, and 
even other women; slower promotions, and conflicts within the family. 

Ramaley (1978)# in studies of discrimination experienced by women 
in science identified these assumptions* that male students perform 
more successfully than women; that women would leave their position to 
raise a family; that poorer references are given to women; that 
advancement is limited by part time work and low salaries. 

Canadian studies of women in science . Canadian studies of wowen 
in science relate to counsellinfj of females; career patterns of women 
in science; and projects of the Science Council of Canada. 

Counselling of females . Fenske (1983) suggested that peer 
counselling by senior high school females would serve as a role model 
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to younser fejnale students. Woaen in Science Clubs, within the school 
or in professional organizations could fulfill this function. Meuser 
and Edvards (1977) used the Stong-Cawpbell Interest Inventory to 
compare the vocational interests of female freshmen. Ridley and Novak 
(1983) found no convincing evidence of gender differences in 
enrollment in mathematics classes. 

Career pa tterns of women in science . Aikenhead (1980) developed 
a framework to categorize the rales of scientists! professional 
scientists in university and goveiTunent projects; decision makers in 
government agencies and on industrial boards; citizens who cope with 
scientific and technological advances in their daily lives. 

Guttman ( 1985) found that female psychologists were more likely 
to be employed in clinical practice and male psychologists were more 
likely to be in higher education and research. Warren's ( 1986) study 
supported the Raroaley (1978) finding that vonen interrupt their career 
for family reasons. Those vho combined family and career suffered the 
stresses identified by Whitfield ( 1978). Puk. ( 1984) stated there 
would be lifestyle implications for females who had difficulty over- 
coming sex stereotyping and role conflict. Women should become 
interested in science and mathematics as future jobs will be in high 
technc .ogy where science and mathematics are applied. 

Projects of the Science Council of Canada . Speakers at the 
Workshop on Science Education of Women in Canada reported discrimin- 
ationwas experienced by women in science in the eighties. Science 
education strategi.-s were proposed in the proceedings of this workshop 
Who Turns the Wheel? > edited by Ferguson (1982). Science in elementary 
.Jid secondary education for girls was recommended in Science for Every 
Student ( 1984). Girls should be encouraged to be positive about 
mathematics and scien-jc. However, in Science Education in Canadian 
Schools (Orpwood 1984> it was reported that girls drop out of science 
classes earlier than boys. This may be due to different needs for 
female student which are not being met. 

In what ways did this study on women in science agree or disagree 
with these reports in the literature? 

Subjects 

A computer list of female graduates from the University of 
Saskatchewan was obtained. The list was classified according to the 
college and the year of graduation. Three time periods, at , about 15 
year intervals were usedt graduates from 1945-50; from 1960-65; and 
from 1974-79. The ten colleges included agriculture, dentistry, 
engineering, graduate studes, home economics, medicine, nursing, 
pharmacy, the physical and natural scierses, and veterinary medicine. 
There were no subjects for the 1945-50 period from dentistr/ or 
veterinary medicine as these colleges were not yet founded.' Ten nsjbis 
v^^re randomly selected for each time perJ-od from each college. 

Questionnaire Development 

Literature about women in science and women at work was reviewed. 
From these readings a questionnaire was designed with some objective 
choices and some open ended questions. The questionnaire was pilot 
tested by faculty members and students employed on summer jobs on 
campus. 

The survey was dl^^tributed by mail. 
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Method 

A content analysis was carried out for the following open ended 
questions: l^at problems have you contended with as a result of your 
career choice? Why did you enter your field of study and work? In 
what ways has your career affected ,our family life? What rewarding 
experiences have you had as a result of your career? rewaramg 

Findinga 

Subjects 

Limitations, The total number of responses was 125 from a 
possible 280 , or a rate of Ui,.6Z. Therefore it was not possible to 
ana^.yre according to both college and time period as some cells vere 
too small* 

4r -,3^ consisted of ue.UX graduates from 197«-79, 

Of 36Z graduates from 1960-65, and of 17. 6Z graduates from 19«S-50. 

Age. There was a wide range in ^ge amongst the 125 subjects. The 
youngest group, between 20 and 30 years gave the best response at 
ub.ttA. As the age increased the number of responses decreased. Next 
?f'^o^^*'2f® Pe"0"« 31 to «0 years of age who responded at a rate of 
2«.8X. Those aged itl to 50 responded at a rate of 11. 2Z, while those 
persons over 50 replied at a rate of 17. 6X. 

Marital status. Most subjects were married, at a rate of 60Z. 
Many women remained single, at a rate of 3«.«Z. Divorced women 
responded at a rate of 2.«Z. The remainder included one widow and 
several who did not indicate the marital status. 

Komber of children. The majority of the subjects were childless 
at a rate of 56.8X. Families with children, tended to be two children 
families at U./iX. Only 2M had five or more children. Only chJTdren 
were the family for 10.«Z of the subjects. Three or four children 
families appeared at the same rate of 82. 

Location. The least number of subjects claimed to be urban 
dwellers at a rate of 12Z. Rural reside-:es were used by 20. 8Z of the 
subjects. The majority, or 67. 2Z resideu in a suburban area. 

Careers 



Kinds of positions. The majority of the women had full tim« 
positions at a rate of 66.itX. Part time positions were held by 1 .8Z 
Of the subjects, sometimes as, a choice in order to have more time to 
be with the family. Contract positions provided work for 6./iZ. Seasonal 
jobs were obtained by 4i.8Z of the subjects. 

Responsibilities of the position. Most subjects were working in 
a health care field at a rate of 21. 9Z. Teaching was the prime 
responsibility of 18.9Z of the subjects. Administrative positionif were 
held by l5.4iZ. Research accounted for U.2Z of the subjects. There 
were 11.5% rho were consultants. A group of 21. 9Z had miscellaneous 
positions. 

Job opportunities. The majority of the subjects, 80, 8Z indicated 
very good, good, or average opportunities for jobs. Only 12Z rated 
opportunities as poor. A commen. was made that job opportunities were 
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the auw for Mies and fenalea in acience. 



Reaaons for career choice. The major reason for the career chosen 
waa an intereat in the apecific field within acience, as atated by 
36.6Z of the at'bjecta. This interest ma. have been created by a sumner 
Job. A nedicine graduate had grown up in a medical family and so 
appreciated medicine. A acience graduate was iwoediately interested in 
computers from her first contact with a keybofcd and acreen. 

A general interest in acience was mentioned by 12Z. Some 
qualifying cofvnents showed appreciation for the practical applications, 
the acientific method, and a curioaity about acientific functions, 
w .J^at achievements and challenge* of the field was the reason stated 
by 10. 9Z. Such atatements as -I liKed the detail and precision of 
engineering-. •*The philosophy of home economica ia healthy-. -I wanted 
a field with few women, whe»"o I could pioneer-(agriculture). The fast 
changing field, with many technological developments appealed to a 
pharmacy graduate. " I wanted to dispel atereotypes about women in 
science and mathematics**. 

^Su*^*^^ others, either hunan or animal, was a reason stated by 
8.7Z. The helping tasks specified included contributing to the relief 
of illness, to human welfare, to lessening of pain, and making a 
public service contribution. 

The influence ©f others was a reason noted by 7.7Z. The influences 
included friends already in the field, pressure from the family, and 
the ability to adapt to family needs. 

Other reasons included the opportunity to apprentice and so save 
money ( pharmacy), financial security ( dentistry, pharmacy). An 
engineer said "You can see the product you have designed in use**. 

Fulfillment of career expectations . The majority of the subjects 
were satisfied with their careers. Only «Z gave a rating of poor and 
8Z rated no satisfaction. 



Education 



Satisfaction with education. Most subjects were satisfied rith 
the science education recieved. Only 6.«Z indicated an inadequate 
education. For 72Z science subjects ©f a general type, related to 
nature study and health was begun in elementary school. Science 
education Has continued through high school and the baccalaureate 
degree. Only 13. 3Z had recieved a Master's degree and 19. 9Z a doctoral 
degree. 

The aubjecta in this study were aatiafied with on the job 
training. They did auggeat that « an interest in acience be stimulated 
as early as elementary school**. Women, their parents, and counsellors 
need to know the potential of women-. 

Career rToblems 

Pel*tic.iship with male colleaitues . A majority of the subj«cts in 
this study, 58. 4Z were treated with equality. Only 6.«Z aentioneti 
Inequality. There were conmienta about promotion being slower for 
females. Top positions might be held by women in an acting chief 
capacity, but not aa peraanent chief. 

There were aignifirmt differencea between the age groupp. It 
appeared thf* t.*e 194.5-*iO age group had given up careers in older to 
marry. The 197A-79 group showeU more genddr equality than the 1960-65 
group. 
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piicrl»initlon and lex iter eo typlnn . No dlicr^alnition va<) 
rtporttd by 23. IZ of the lubjccts. A further 16,«X .,cunc ;<:-*.hli. ^ tAit 
affected thtir carter. Moat frequently cited vaa a feelisf women 
v«r« not respected. Thii waa ahown by derrsatory re«/' CChcy 
to b« ignored or put down at Mttinga. 

DiacrinSnation from malea vaa felt by 11.9Z of ^ ] 

diacrl»lnmtion fro« fi»alea vaa felt by Seme ^ , troo 

the public vaa felt. 

Unfair treatment vaa claijped by 20. 9Z, for exar^lo f'whitriea vould 
not hire woMn for ••fl3r-in*' field vork caapa in the narth wl«*a all 
xeMle crewa could bp Jii-red. So»e had refined proa^tirsi, 
eapecially vhen they had children. A$<t diacni«»JMitiDn r«lt by 
vo«en ovar 40 yaara of age. 

Soae rtconnendationa vtre nade. ** I*vi< found a i^Mt of Ircnor. 
My reaction can aither mtuit thinga wtVMt or better**. ** I tr/t vhat I 
vanted by htrd vorK *nd diplomacy**. I vorl;ed hard ^> P«3ve nyself 
and *• now acre competent than ay Mle co*le.tgu«a**. ' 

Financial problems . The chief financial problen ^experienced by 
51. 5Z of thr women related to aalariea. However* 35*ZX felt that males 
experienced the same dit'l^ulty. l^mt economicSf nursingf and 
veterin^ medicine greduatea found lower starting 'ialaries for women. 

Scholarships were a problem for 16. 7Z of the aubjects. They felt 
that family income and husbands salaries were htKi against then. 

Insufficient funding for research was a geneval problem felt 
equally by males and females. 

E^'fcct on the family . Ko probleiss or adjustments were encount- 
ered by 26. SZ of the subjects. Another 3AZ had chcsen to remain single. 
Under IZ of thO subjects had er-^erienced divorce. 

H^nagerecn'. of time was the chief problem. Some gave up their 
care era to raise a family. Others lei^mcd to strear»line their work, 
to eat out more often, to train the children to accept responsibility, 
to work as a team, and to hire help. 

Career Rewards 

The most popular rewatl wjts expressed by those who vere ^ble to 
work with people, 32. 8Z of the subjects. Helping people solve problems, 
working with rural families, Indians, and the handicapped w<^re very 
rewarding. 

The aenac of accompliahment or achieveont wan exprnaud by 28Z . 
The accomplishsents included finding solutions to problems, promotion, 
mastering technical akills, thinking, and keeping pace with top 
people in the field. 

Caining knowledge was mentioned by 9.7Z. T^ia included the 
••thrill of discovery**, of **leaming on the job**, and rational problem 
aolving. 

The joys of teaching were expreaaed by 8.6Z of the aubjecte. 
Students understand the why of vhat they have learned and uae this to 
benefit others. 

Travel tc atUmd conferences and to vork in the field vas 
valued by so?>e* **^urviving cutbacks**, **publishing**, **the self 
aatisf action from a job veil done**, **the devotion of my patients**, 
••saving a life", **pioneering and breaking nev ground** vere all 
mentioned. •*My daughter chose to enter my profession**. Finally, 
**Every day is a pleasure**. 
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Conclusiont 



The conclusions about the **why** of choosing science careers may be 
useful to any person asked to talk to a group of children or adolescents 
or to one young fenalet Soneone k'ay be inspired to follcu a science 
career path from hearing the rationale for earlier female careers ir 
acience and so he helped to find her way ir ^ world of technological 
change • 

Educational needs have been net in partt Hore feisale students 
ahould be encouraged to undertake higher education and advanced study 
in science disciplines and applied fields. 

Younger graduates seen to experience less discrimination and 
to work in an atnosphere of greater equality. These attitudes should 
be naintained. 

Development of a sense of hunor and habits of hard woxk» together 
with training in the nanagenent of human resources such as time» energy^ 
and money would assist all science graduates » both loale and female to 
enjoy a career with many rewards in pure science or in technology. 
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Statenents Requirev^ By Synposiina Planners 



(a) Each province of . ^a has a different educational ays ten. This 
author is fiioiliar with ^he educational system In Saskatchewan where 
students spend eight years in elementary school, which consists of 
Division 1, s^^ades 1 to 3 for ages 6 to 9; Division 2, grades A to 6 
for age 10 to 12; and the first two years of Division 3, grades 7 «id 
8 xor ages 13 and 14. High school or collegiate includes the third 
year of Division 3, grade 9 and Division A, grades 10 to 12 where the 
students range fron 15 to 18 years. 

The Saskatchewan Department of Education provides a written exam- 
ination for Crade 12 students. Qualified teachers submit a portion of 
the final grade based upon the year's work. 

(b) This paper fits into the post university system but a few of the 
questions relate to pre university years. The problem of encouraging 
females to take science and mathematics begins early in the elementary 
system. 

(c) Dr. Wanda Young holds a Doctor of Philosophy in Family Ecoloty from 
Michigan State University, a Master of Arts »iome Economics and Family 
Studies from Columbia University, a Bachelor of Education from the 
University of Alberta, and a Bachelor of Household Science from the 
University of Saskatchewan. She was Senior teacher of Home Economics 
with the Hegina Collegiate Board prior to taking a position in the 
College of Home Economics at the University of Saskatchewan where she 
currently is a Professor of Home Economics Education and Communication. 
Publications include S chapters in books, 25 articles in referecd 
journals, 36 in non refereed journals, 21 papers lu t^onfcrence 
proceedings and abstracts, T technical reports, 12 book reviews^ and 

81 conference presentations in the areas of women in science, elderly 
woiAen, housing of the elderly and disabled^ history of t}.j home 
economics profession, home economics education, «nd communication. 
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A nOGtAM CF CONTINUING ED0CA7I0N fGk ACADEMIC SCrCt.TISTS 

W.R. ZeiUer, Ph.D. (Departaent of Scicocc Education, Uftiversity of 
Geoz^ia, Athens, GA 30602, USA) 

Currently concarn im being •Kpi./ivd nationally about 
AcadvAic «ci»nticts, particularly th»ir aMaranas^ of nav^ 
knowlac<ia and tachnological ab/ancam, tha quantity of their 
instruction and tha implication of thair instruction. 
Concarn arisas from much mourcas am tha national gov^rnmant, 
tha mciantific rpmaarch community and tha buminam»/indumtry 
mactor. Abalmon muggamtm that at on* tima ming • mtint 
of univarmity aducation Mas muffic^^jnt to provide a struc- 
tural framework for life long learning. -Him experience 
made it possible for scientists and engineers maintain a 
good level of awareness about progress in mcjch of science 
and engineering. As bodies of knowlsdg? are expanding 
rapidly and new technologies implemented. Continuing 
education is becoming a:i important aspect of the pro- 
fessional lif» of tSese scientists. It appears that the 
expertise of -the science education could be applied to meet 
the needs of the academic scientist. 

Hany of the academic scientists are well aware that th© 
effectiveness of their instruction needs to be improved. 
Not only is improvement necessary in the information taught, 
but also in societal implication of this information. One 
of the most viable means for meeting these needs in a 
program of continuing education. 

Several factors reinforce the need for continuing 
education of academic scientists. Among these are: the 
extension research, expanded knowledge, and new technologies 
or w^ich the academic scientists are unaware; the time 
between the generation of new knowledge and its dis- 
^T"i?*i^°" ^" ""^■*"9*"*'*"«te science classroom; the 

li»r.ited number of opportunities for facilities to renew 
their discipline backgrounds! the lack of financial support 
to attend long ter.Ti courses and seminars on new knowledge 
•n'i research and the quality of education provided for 
students in the academic scientists* courses. 

The latter factor is especially vital since a large 
set;2»nt of the college student population is enrolled in 
science classes. Th«st; students ara the future scientists, 
researchars, politicians* artist, and laymen who wil'. be 
making decision about societal issuef in the latter part of 
the nineteenth century and first quarter of the twentieth 
cenvury. They require not only a stroTig and contemporary 
information base for decision Ki-kSng but also an awarsriess 
of the manv aspects of ttocieta! problem u» on which the 
information i(i;pinges. 

Although there nas been a limited number of oppor- 
tunities for the continuing aducation of academic 
scientists, ont^ program is functioning effectively ii the 
United States at the present time. The program is the 
Chautauqua-Type Short Ci-urme Program for College Science 
Faculty* (the Chautauqua program). Thr program consists of 
a B'-'^ries of short courses taught at cooperating centers 
located at colleges and univr;»ltia» throuqhout the country. 
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Th» concept far th* Chautauqua program was initiated by the 
American Association for th» Advancvmvnt of Scivnc* and 
original J y funfj»d by th» National Sci»nc» Foundation, 
Al though >h*r National Scivnc* Foundation no longvr funds th» 
prografflv th* program has continu#d« 

Th* Chautauqua program was originally organiz*d to 
diss*minat* curr*nt scientific informf^tion to acad*mic 
sci*ntists t*aching at th* coll*q*s and univ*rsiti*s in the 
Unit*d States. The intent was that informed scientists 
would return to their home institutions and impletDsnt the 
new information in the coLr»es they teach. Two goals were 
selected for the Chautauqua program. One was to provide the 
opportunity for acadrmic scientists to. become familiar with 
the expanding body of knowledge in their discipline. The 
second goal was to shorten the time between the generation 
of new knowledge and its dissemination in the Kindergraduate 
classroom* 

Courses selected for presentation are identified with 
the assistance of a Program Advisory Board. Members of the 
board are eminent scholars who are at the forefront of their 
discipline. They are well informed about developments and 
research in their discipline as well as the application of 
technologies. 

Course for -the Chautauqua program are selected from a 
widp rang& of disciplines in the behavioral* natural and 
social science as well as engineer ing« mathematics and 
technology. Courses are added or r.»tired ar knowledge and 
technology charge* 

The contents of courses is selected to present crxpanded 
knowledge in a discipMnc* the initiation or utilizal.xon of 
technology* and the implication o''' course for ci;*. r^.nl issue 
in society* In a recent course entitled "Science* TvVcu- 
nolo*)/ and Arm Control" topics discussed were the current 
status of nuclear arminentation worldwide* limitation 
treaties and agreements on the development of we^ooni^* 
research that is bejlng conducted in the development of arms* 
the development of nuclear devices by third Korld countries* 
biological war* themical warfare* the Strategies Defense 
Initiative of the United Statos* and deployment of nucleai 
weapons around the worxd In .Another courwe dealing with 
the nnutron and >'-ray tcattering such information as the use 
of neutron scOttL<ring and dil fraction along with the medical 
advances made possible through the application o' neutron 
and synchrotron source are presentffC5. Other couroes which 
dealt with ftocietal issue were Yhe search for extra- 
terrestrial life* immunological mechanisms* and the resolu- 
tion is hucT'^n genetics. Han/ of the courses are designed to 
sensitize *^e participant to contemporary societal problems 
such atf AIDS* the physiochec. ^cal science that plays a role 
in the development of free-will concepts* cognitive process 
as they relate to critical thinking and the study of the 
principles of sound and hearing with thr aid of synthesizers 
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and comput»r«. Information -from m«r»y of th» coursss is 
•pplivd dirvctly through th« initiation oi n«w technologic 
locally. This has occurrvd as a rvsult of such coursv as 
computvr basvd tvsting and th« d«vsloom»nt of iaaf:«rial for 
th* vir'^o/computvr disk. As th* bcu/ of vxpandvd knowlvdge 
is dvlivvrvd by th* instructor* philosophical and sthical 
questions arv rais»d by th« participants. Thvsv inquirivs 
rvcsivv as much aftwntion from th* ins^xuctor as thv 
information thac is bving giwn. 

To sxpand th* opportunity to many scivntists as possi-* 
blv and to add a f ivld/laboratory component. Courses are 
offered at special sites in addition to cooperating centers. 
Special sites are selected cn the basis ^f being able zo add 
a dimension to the course that is not possible at the 
coopsrating center. Courses have been offered at such 
special sites as El Junque in Puerto Rico* Argonne National 
Laboratory* the Laboratory of f^' .ecular Spectroscopy at the 
University of Illinois, Nation^, rtadio Astronomy Observation 
at Green Bank* West Virginia, the University of Texas Marine 
Institute and Argonne f^^tional laboratory. In addition to 
courses being offered at special sites, they h«ve been 
co-sponsored by scientific societies and held prior to their 
national meetings. Courses have been co-sponsored by such 
organizations as the American Associations for Two Year 
Colleges and the Dean Rusk Center for Comparative and 
International Law. 

Publicity about the Cha.utauqua program is disseminated, 
to academic scientists in a variety of ways. Brochures 
announcing the annual program are ^ent to scientists in 
every college and university in the United States; appf>oxi- 
mately 1H0,000 brochures are mailed annually. Other means 
of publicizing the program are through the literature of 
academic and scientific scientists, b/ past participants and 
through the contacts of course ir.Ktructors. 

Scientists attending the se.ninars usually teach a 
undergraduate science course at two and four year colleges 
and universities. Approximately 1,000 scientists attend the 
courses »ac> year. They come from a wide range of dis- 
ciplines as w&ll as interdisciplinary cout 'ses. Partici-* 
pat ion hau had a extensive influence upon academic sci^n-* 
tists. Several of written texts frow their research in 
topics after attending courses* A great number of new 
courses and interdisciplinary courses have bft.rn d{»ve loped, 
collaboration on course development and research amon^ 
participants in different sections of the United States has 
been initiated* New applications of technology in science^ 
instruction have been implemented locally* The syllabis of 
courses offered locally have been updated tp reflect the 
expanded information and to deal with the implications on 
current aocietal problems* 

Puture please for the Chautauqua program are being 
formulated* New disciplines and i^iterdisciplinary initia- 
tives are under development ai. new topics for courses are 
sugje«ted. In addition to the current audience the program 
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will b* dir«ct»d toward n«w populations of scientists such 
as thos* from public health « public policy» «i«dical tech- 
nology and research facilities* The program may be directed 
also toward an international audience as courses are pro-> 
vided for scientists in foreign countries. Viewing the 
future the reciprocal influence of societal problecn and the 
scientific enterprise becomes more evident. The scientists 
must become more involved in contemporary problom; this can 
be done through having informed scientists teach ^;he under- 
graduate science rourses. Constant attention will be given 
to the enhancement of instruction of the undergraduate level 
as well as th^ topics which are important for a continuou&ly 
developing technological society. New knowledge imported to 
acadsmic scientists which in turn is imparted to their 
students prov.'des a background for an informed citizenry 
capable of responding to problems of society. 

As a background for the program of continuing education 
of acac^emic scientistf an overview of the administrative 
organization of pre college education in the United States 
may be ucet'ul • 

Pre college education in the United States begins 
usually at age ^ or 5. This is followed by four years o-r 
elementary school t four years of middle school and four 
years of high school.' Students in the elementary school 
range from 6-9 .years oldt those in middle school range from 
ages 10 througfi 13 followed by students ages 1^-17 in high 
school. Throughout the Un: ted States the administrative 
organizations of schools vary greatly. During the last 
years of high school students take the Schol^vtic Aptitude 
Test <5AT) as a prediction of success at the undergraduate 
level. Scores on SAT are the betsis for entry into many 
colleges. At times t other criteriat ruch as secondary 
school grades and courses of study t are used. At the 
college level all students are expected to enroll in a 
common curriculum which includes science courses. 

To improve ihe quality of instruction* the attention of 
the science education community needs to be focused upon the 
academic scientists; little attention has been given to this 
group currently. Academic scientists have educational needs 
as do the elementary* middle school and high school in- 
structors* The quality of much of their instruction in the 
sciences depends upon the effectiveness of these scientists 
as instructors. 
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Dr. Zcitlsr^s int»r«ct in scivnce education bc^tn in 
high school and continued through the baccalaureate degree* 
th» masters degree and the doctorate. Majors for the 
baccalaureate, degree wer» science and biology* Th'^ major 
for the master's degree Mas botany. Majors for t'le doctor- 
ate were botany and science education. The author has 
taught at all levels from the pre^-elementary school through 
th» graduate level at the University and has conducted 
resear u in botany and science education* For tho past 
»l»ven yrarSy the author has directed a cooperating center 
for the Chautauqua program at the University of Georgia; for 
the past seven years* H» has been the natiot^al director of 
the Chautauqua program. In addition to successfully main- 
taining t^e visibility of the programs without e^^ternal 
funding 9 he has been a member of the Prograr. Advisory Group 
for the Chautauqua program* Many oi the i'lnovations in the 
program from U lecture format to laboratory/field component* 
to CO sponsored courses and courses at special sites* have 
been initiated U4^der the directorship of Or* Zeitler* 

Dr. 2eitier was elected a fellow of the Ohio Academy of 
Science and was Fellow of the American Association for the 
Advancement of Science in 1966* This lattc honor wa« based 
on his contribution to science education* particularly 
education of the academic scientists* 

Dr* Zeitler has published ir. international and national 
journals in a wide range of topics from science curriculum 
development for children of age ^ to /^esearCh on the needs 
of the academic scientists* 
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SCIENCE, TECHNOLOGY AND CHANGING CAREER PATTERNS 



IN INDIA 



J.S. Grewal (Regional C. ege of Education -NCERT-, Bhopal, India) 



1. BACKGROUND 

India remained under celeniel rule fer leng where the 
purpose e£ education was predominantly to prepare the youth 
for clerical cadres and youth of more vell»to«do families 
%#ent for higher education which enabled them to enter higher 
ciTiX and military careers. Opporttmities for the study of 
science and technology courses and the resultinf career opportu<* 
unities were very limited in the p?*^-5r.de{>endence period. 
Independent India has witnessed unprecedented growth of such 
institutions providing sci^^ice and te^inology education. Higher 
level technical training is provided by the colleges of engi* 
•ntering and te hQology« middle level trainingby the polytechnic 
and vocational training toy the industrial training institutes 
and schools. In 958, the Indian Parliament adopted the 
Science Policy Resolution which rec^nised that Xey to national 
prosperity lies in thre^ resources ~ technology, raw materials 
and capital. Utilising these roseurces* major science and 
technical institutions liXe CSIR, ICAR, ICMR vid ZITs were set 
up with federal support while colleges of agricultiire, medicine 
engineering^ and technology were started by the states • 

2. SCIENCE, TECHNOLOGY COURSES t ENROLMENTS AND OUT-PUTS 

Long back in 1956, diversified curricula was introduced 
at the secondary stage)^ under which science and technical 
streams becuoe elective areas of study from class IX to XI • In 
1975, with the introduction of '*i04*2'* pattern of education, 
science becane a compulsory subject as part of general educa* 
-tion at the secondary stage and as an academic and vocational 
subject at the senior secondary stage. These changes in curri* 
•cul\un, coupled with technological advancements;^ have jturec^ a 
large number of highar secondary graduates towards science 
courses, with majority of them aspiring to enter higher techni* 
•cal institutions hut only a small number ;*\timately succeeding. 
ks in 1965, stage-vise enrolments of boys and girls in science 
and technologv courses wast secondary 97,45519 (boys €9S, 
girls ^l%)f senior secondary 18,15,959 (boys 63%, girls 32S); 
under graduate science courses 5,83,235 (boys 73%, girls 27%); 
graduate science courses 70#018 (boys 68%, girls 32%); 
technology courses 1,22,051 (boys 95%, girls 5%) • These figures 
indicate that boys outnumber the girls in their placements in 
science and tmhnology courses. 

The total out«put8 of personnel from institutions of 
scienct* and technology has indicated a phenomenal rise from 
6576 in 1947 to 1220297 in 1975 (Dagli, 1982). This has 
pieced India as the third .largest scientific research esta* 
•^blishment in \;he world, which is next to the USA and Soviet 
Union. Though these figures looX very in^ressive, yet a 
conparison of the number of scientists and engineers shows 
that we have only 22 scientists and 8 technicians for a 
O gment of 10,000 popuXation which is rather inade(;ru«te.^ 
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3. STUDIES ON CHAN0ZM6 CAREER PATO^RM^^CHOICES, WORK-VALUES 

The term *ctfeer patterns' has been defined differently 
depending iipen the franewerX adopted by the researcher - 
educational, sociele^ical, psych -^legical and ecenomi.c, **Career 
patterns**, occerding to Crites (1969), "conceptualise a 
sequence of related e^'ents over tine and have been classified 
in several different ways,* Kosov and Fom (Crites, 1969) 
pointed out that occupations themselves change over a period 
of time. It vas ostimated in 1969 that 20 percent of tvk 
occupational titles Will disappear in the USA by 1980 or so, 
obviously as a result of the rapid chauges taking place in 
science and technology. In this section, the changes taking 
place in career patterns as a result of the growth of science 
and technology education and also their intact on the cognition 
•f students in terns of their perceptims of preferred careers 
and work-values according to se^ .(male, female) and place of 
residence (tribal, non-tribal); 'These studies are dealt with 
under four heads s 

3ol. Identifying the changing patterns of careers; 

3.2. Identifying scieiice-terhnolo^y basftr;^ selfTemployment 
opportiinl t ie S7 

3.3. Studying the career choices of the rural-tribal youth/ 
and 

3*4« studying work-values fonned by the students as a result 
of science and technology education, 

3*1 • Changing Career Patterns t A study of the emerging career 
patterns, as a result of scientific and industrial advancement 
was conducted by analysing s^^lected issues of 'En^loyment News^ 
A Govt, of India publication which is brou^*it out fortnightly 
to disseminate occupational information to the trained fr«anpower, 
Xt is not possible to list all these careers but a few represent 
«tative occupational titles from the various sectors are taken 
where new careers are emerging t 

Agriculture t Dry-farming, waste land and marketing specialists, 
dairy and food technologisbs, poiiltry and agricultural onginee- 
-ring workers, bio-gas plant operators, coconut and cashewnut 
development specialists. 

Arthitecture and Town Planning t Town planners, designers, 
urban housing specialists, naval architects. 

Bio-teghnoloqy % Genetic engineering specialists, technicians • 

Compuiar Education t Prograneoers, system analysts, information 
engineers • . 

Defence Research and Development t Scientists, psychologists, 
science instructors* 

Drug Industry t Scientists and technicians of various cate- 
•gories* 
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Electronics Industiy t Television engineering and media 'stem 
8peclali8t-s« transmission engineers and technicians. 

Employment Information Services t vocational education and 
guidance esqperts. 

Fertilizer Industry i Chemical, mechanical and industrial 
engineers • 

Foundry and rorqe Technology t Technicians, administrative 
personnel, 

Healln^and Child Development t Child specialists, dieticians, 
nut ri^ 'ion specialists and beautici ans • 

Hospital Technology i Operation theatre and X-ray technicians, 
cardiologists, neurologists, para*medical werkers. 

Heavy Electrical Indu^^try t Engineers, technicians and manpower 
israining specialists, 

Hydrc^lectrical Fewer Division t Electrical and civil engineers. 

Mining^ Metallurgy Industry t Engineers, technicians and 
research workers. 

Oil and Natural Gas Conmdssion i Geologists, rig operators and 
technicians. 

Oceanography Division t Scientists, explorers and adventurers. 

Paper and Printing Technology t Specialists in distance 
convDuni cation, printing newspapers through) satellites. 

Pollution Control ai?d Prevention t Scientists, analysts and 
environmental engineers, educationi s t s • 

S ^lar/WindA'ave Energy Division t Severe? jobs depending 
upon the area, ^ 

Police Department t Accident-car^;ice technicians, forensic 
experts* 

Textii*^ Industry t Designers, technicians,^ dyers, plant 
maintenance incharges , 

Transport, Ccmmunication Department t Rail-road workers, 
draftsmen, surveyors, metro workers, computer technicianso 

Trade Develop «ient Authori<.xes t Information engineers, media 
opeci^XskSts, industrial designers and artists. 

Thermal Power Corporation t Enginox^rs, transmission supervisors. 

As will be seen, the^^e careers ha\e emerged wlc the 
development and use of science and technology and their 
Q niftr-relatedness' (Unesco^ 1983), 
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3«2. Science - Technel»qy Based Self*Empleyment Opportun e ties r 

Impact mf science and technolegy education is new evident 
•n self^en^loyznent schemes known as ^^entrepreneurshxp develop - 
-ment programmes (EDPs)«" The beneficiaries of these schemes 
are not necessarily science and technology graduates but others 
as well. They are trained in the "basics of science and techno- 
•logy to set up their own technical units. Started first in 
1960 in the state of Andhra Pradesh^ many EDPs have started 
providing subsidised loans and technical training to the 
educated youth who wish to be self employed under the EDP* 
The candidates liv.; at the venue of training for 5 days and 
are inserted draining in desirable traits of entrepreneurship. 
It is a conprehensive practical training which * develops ample 
self confidence and ability among the participants to run their 
own technical units independently* • For example^ from 1981 to 
1985« the Madhya Pradesh State Consultancy Organisation (MPCON) 
according to Jarial (1986) « had organised 74 EDP programmes 
and trained 780 persons who established 513 technical units 
with average cost of each unit ranging between $200 and 1666 
and emp7^yment generation to the extent of nearly 800 persons 
with nearly 66 percent success, with the application^ of 
science and technology^ nearly 50 types of units were set 
up in H.e. state for the youth who came from disadvantaged 
sections • Other states like Gujarat are also encouraging 
EDPs« Main requirement of an EDP, according to Mathtir (1986) « 
is '^proper training and practical guidance to the tribal 
youth regarding production and sales to the candidates desir- 
-ing to set up their own industry or centres •**(p« 37) 

3.3. Career Choices of Rural-Tribal Students ^ Career develop- 
ment an J ultimately patterning « according to Super and Asso- 
-ciates (1957) ♦ is determined by three groups of factors* 
namely « role factors* personal factors and situational factors. 
Among the role factors are the expectations of the society 
from youth to participate in national reconstruction^ among 
the personal factors are their aspirations and abilities 
which take the form of school attainments and among the 
situational fa:;tors are mostly geographical conditions such 
living in urban or in remote tribal and hilly areas. So 
far the tribal ycjith %fere pursuing their hereditary occupa- 
-tions. In order to study the impact of sicnece and tech- 
-nology education on the career patterns and choices of 
tribal secondary school students a group of 20 teachers* 
teaching in tribal schools* were asked to identify the science- 
technology based careers which their students generally enter 
after their schooling is over* The fiVi major groins of 
careers identified by them weret (i) Education (mostly school 
teaching}; (ii) Fo restry (forest guard* ranger); (iii) Medicine 
(doctor* con^ouhSer^ technical assistant); (iv) Development 
(BDO* village level workers* attendant* land record keeper) i 
end (v) Police (Inspector* sergant* constable) • 

It may be mentioned that most of the tribal youth are 
^influenced by the situational factors. It appears that they 
are havlngin their cognitive structure the stereotypes of 
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careers which Involve more prestige and authority i,e, poHce, 
Science and technology based careers asre undoubtedly becoming 
a part mf their thinking but the process is rather slow. This 
viewpoint is* supported by the ^eve study and also a study 
conducted by Mathur (19B6) on the vocational needs and interests 
of scheduled caste and tribe students, Mathur concluded^ ^'The 
students could not loention vacatianal er industrial Jobs for 
Which they would like t» get,,, further vocational training. 
Most of them had mentioned that they %rould like to become a 
teach )r or clerk,'* (p«89} 

Science ^ Technology and Changing Work Values ! SaveraX 
research studies have firmly astabilshed that most children 
and the adolescents above the age of 14 aia able to rank 
careers according to their prestige in the same way as adults. 
North and Hutt (1947) conducted a classical study in t:ie USA 
by ^ taining •prestige ratings* of Jobs by different age groups, 
Stendler (1944) fo»^id that the children learn the value of 
* social class* and show the 'acceptance of adult stereotypes* 
between grades VX and VI2, Barbara Gunn (1964) found that boys 
of grades Vix and ZX ranked the selected Jobs according to a 
* definite ladder of occupational prestige* and in elementary 
grades 'service* is considered by them what is good for the 
coRirunity, A study, co.iducted by Grewol (1973), found that an 
occupational is held in the same pres;ige hierarchy in differe- 
-nt cultures, ^n 1986, the author conducted another inresti- 
-gation with a virw to studying the, influence of science and 
technology education on the work-values formed by grade XT 
science students. The assumption of this study was that vlth 
the influence of science and technology education students will 
develop equal respect for the manual anc? technical Jobs, !iL>e 
work values measures of four contrasting groups are given in 
the following tablet 



The above table indicates that boys and girls differ(*} 
significantly from each other on white-collar value (t»6,22, 
df « 339) dimension and tribal and non-tribal students differ 
(*> from each other on economic value {t»4,76, df ■ 313), All 
the four contrasting sub-groups did not differ signifi(.cantly 
on the three remaining work-values of security, prestige and 
blue-collar, thus indicating that careers requiring manual 
work are perceived in the same way by these groups on the work« 
value hierarchy. Using spearman*s rank - correlation method • 
the investigator found a coefficient of 0,73 between the five 
work values of tribal and non-tribal groups and correlation 



Work Value 



Mean Scores of Conhrasting Groups 
Boys Girls Tribal Non-tribal 
(N»264) (N»77) (N»1S3) (n»162) 



Economic* 
Security 
Prestige 



10«71 10,90 10,44 7,62 

10*97 9.97 10,59 10*98 

10,36 10,12 9.76 10.98 

13,86 17,97 14,94 14.41 

11,27 10,33 14.15 15,15 



Khite-collar* 
Blue-coller 
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coefficient ef 0*50 between the male and female groups. Thus 
there seems to be much similarity in the acquisition of work 
values attached by the various student populations. 

4. OCCICUJSIONS 

More boys than girls study and enter scie&ce-tedinology 
based Mucses and careers in India. Despite enormous growth 
•f careers in these sectors, the patterns of c ireers chosen 
by the rural-tribal youth are, by and large, t^^aditionol and 
they tend to confine to local Jobs. While science and 
technology have led to the generation of self -employment 
^portunities for the youth, blue-collar woxX-value, indica- 
-tive of respect for manual Jobs, is not yet fully developed 
among them. 
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(•) Pre^Universitv System in India 

The t*n-year school education cenprisas of four stages t 
Immtr primary cf 5 years* duration cevering l-V classes (6-11 
age group); upper primary of 3 years© covering VI -VIII classes 
(11-14 age group); 2 years' seeonaary stage covering IX^X 
classes (14-16 age group) snd 2 years* senior secondary stage 
covering Xl-XII classes (16-18 age group) • Undergraduate 
college education is of three years' duration for the 18-21 
age group« 

(b) Relevynce of the Paper 

The inpact of science and technology education upon 
the changing career patterns of students, emer^r' - self- 
-enployment opportunities for them, career choi .8 and work- 
values are analysed by .•levant researches. The paper relates 
to sections 1.3 and 2.2 of the theme. 

(c) Autobiographical Note 

The author, who joined the NCERT in 1964, is now work- 
-ing as Professor of Education at Regional College of Educ«- 
~k:°?« ^ Srraduate with Science and Mathematics, 

obtained M.A. (Psychology), M.Ed., Ph.D. degree from the Indian' 
toll vers! ties. Have undergone special study and training 
programmes in Guidance^ Student Personnel Work, Vocational 
Psychology at Ohio (USA) and Early Childhood Education at 
I/eeds (UK/. Contributed a number of research papers, 
articles in guidance, environmental education ond non-formca 
education; constructed an occupational aspiration scale iOAS) 
guidance needs inventory (GNI) and ^ . author of three books 
and a naiiber of professional reports. Have participated in 
a number of national and Intemationel conferences ,ielt at 
Chicago (USA), Tokyo (Japan) HamiXtcn (Canada) and Ne;; Delhi. 
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THE IMPACT OF SCIENCE EDUCATION ON ROLE PERCEPTION OF SOCIO 
ECONOKXCALLY DEPRIVED FIRST GENERATION LEARNERS 



V.G. Kulkami; Sugra Chunavala (Hani Bhabha Centre for Science Education 

Tata Institute of Fundamental Research 
Homi Bhabha Marg> Colab:;* Bombay 400 005) . 



Thu Horn! Bhabha C«ntr« for Sclanca Uucatlon 
(HSCSE) h%9 been conducting for the past seven years an 
action research project to study facton. that hinder the 
scholastic progress of students cjalng from the deprived 
sections of the coaroxmlty, to design and test remedial 
measures to oven:ome these hurdles. Batches of forty 
students each studying in class VIII of the secondary 
schools of the Bombay Municipal Corporation (»!C)# and 
belonging to the scheduled castes (formerly untouchables 
- untouchablllty was abolished by law after Independence), 
were selected In 1980# 81 and 83, and were given medial 
treatment at the HBC5C In veeUy sesslcxis* It vas found 
that scholastic performance of these students could be 
boosted^ not narglnally but substantially. Details of 
this project were reported In the third symposium held 
at Brisbane*^ end have also been published elsewhere2#3,4. 
The foUow^Jig table sumarlses these results. 

Table 1 

comparison of performance .of students of k ^tch I- 
batch II and botch III with B.M.C. general pcpulatlon 



Figures In brackets show % of ell the SKC students for 
comparison* 

This paper deals with a study concerning the Im- 
pact of science education in general, and particularly on 
the role perceptlooof students participating in the project. 
AS a first step, the sttxdents were ontervlawed for dbtalning 
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Infoznatloo regarding their choices for careers at three 
different stages; in their childhood^ when they ^ere in the 
HBCSE project, and their final choice after they passed the 
Secondary School Certificate examination (S«S«C«}« Since 
career aspirations are a multifaceted behaviour, it was 
interesting to study if the aspiration changed over time 
and also to study factors influencing the change. It was 
also hoped that the study %rould throw some light on how 
education is ]^rceived by the receivers as a tool for 
overcoming deprivation. 

This sttxdy was conducted in two parts oo a sample 
of thirt7*five stuCsnts from the third batch of forty students, 
who had Joined the prograoome in 1983 • The first part of the 
study was \sidertaXen in November 1985, when the respondents 
were studying in standard X, which is the final year of 
schooling, students were interviewed about their child <- 
hood choices, and about the choices currently held hy them* 
The latter choices were called Intermediate choices. 

The second part of the study was conducted in 
June 1986, when the results of the S.S.C. examination were 
o.it and the respondents )cnew which options were open to 
them on the basis of their performance. The choices at 
this stage were cilled the final choices. Data regarding 
career choices of these students were collected by inter** 
viewing the students individually, ^e valient features 
of the findings of this study are ^presented below. 

The first few <zuestions in the interview were aimed 
at collecting demographic data. These data l^rought out the 
nature of deprivation of the community. Fath^ers of the res- 
pondents had low education, held blue collar Jobs while, 
mothers were mostly illiterate and unemployed. 

The career aspirations o£ the respondents in their 
childhood were ambitious. About SB% of those who remembered 
their childhood choice had chosen prestigeous professional 
careers. White collar work was preferred to blue collar in- 
spite of the family background. The career choices in 
childhood varied with the sex of the respondents. Boys 
gave more 'glamorous choices* as compared to girls who 
nursed clerical choices even in their childhood. Even 
th^ professional choices when analyzed into specifics in- 
dicated sex-role stereotyping; law and nursing %rere chosen 
only by girls while, engineering was chosen only by the 
boys. 

Childhood choice^bhanged at the Intermediate and 
Final stages. The changes were of two types. Some respon- 
dents gave up their earlier choices completely and opted 
for new ones. Some others continued to nurse the earlier 
choices but offered an alternative in case the earlier 
choices were not attainable. Fig.l shows the changed choices 
at the three stages. 
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Change in the choices «t the three stages 



INTERMEDIATg 



yiNAI* 



CHIIJ)HOOD 
0 

(100%) 



: (0) 

39% 



□ O 12% 



^^^^B 27% 
iQ 3% 



zzzTzz iOX) 'jTZ-Z'ZzrZ^zrSTIi OA 6% 




21% 



O m Original choice OA « Original +Altemative 

(partially changed 
choice) 

A m Changed choice at intermediate stage 
B m Changed choice at final stage 

The ligure shows that most of the childhood choices (85%) 
do change eventually, it is interesting to see if these 
changes correspond to a better appreciation of reality^ 
and whether choices that remained stable were more reali^ 
Stic to begin with. 

. , . 'oa: the 8a)ce of analysis^ respondents were 

asJced to arrange a set of twenty-nine occupations accor- 
ding to their perception of the hierarchy of these occu* 
pations. This list was used to develop a scale of occu- 
?S^S!fnS!L^^*^i'=? •^^^^ occupational choice could be ran)ced. 
The changed- choice could then be analysed in terms 'I"*""** 
upward or do*mward direction of 'chang;* It wm fSu^d 
that most of the changed choices had moved lower in the 
scale# as seen in table 2« *v« * *** we 
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Table 2 

Direction Final stage as In final stage as 

of conpared to compared to 

change childhood Intexaediete 



i 2L 

Ulpvards 7 - 9 

Horizontal 21 32 

Downwards 71 59 



Total 99 100 



The scale of occupations and the corresponding choices of 
respondents also shows this lowering in another vay« in 
Table 3. 



Table 3 



Scale of occupations Percentage of Respondents Choices 





Childhood 


Intermediate 


Final 


Profess ion 3d 


88 


63 


29 


Clerical 


6 


20 


60 


Semi-'Professional 




11 


9 


Others 


6 


6 


3 


Total 


100 


100 


101 



The above tables indicate that professional 
choices decreased steadily over the three stages and 
clerical choices increased* Thus, choices which are 
"higher" in the hierarchy were changed and choices 
•lower* in the hierarchy %rere selected* The respon- 
dents were esked why they opt&d for a lower choice 
inspite of a fairly good performance at the school 
leaving examination* Table 4 presents an analysis 
of reasons given by the respondents for changing their 
espirations« 
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T<bl« 4 

oo» for change Prcentaqe of p»apondenf 

Zncreiuied «var«n«ss 9 

Tmdly 27 

Znt«r«st in soMthlng 5 

Jfallure 10 

tow narks 5 

Low m%zkB family 14 

High narka 5 

Othara 14 




Total 101 

This analysis revaals an Important aspect of •duca- 
tion in influencing social changes • it is seen from the 
table that finance, which is often an inoperable para- 
meter in action research projects in education, was not 
ail important criterion in deciding upon careers* However, 
it is the family (41%) and academic performance (41X) 
which have been influential in changing career choices. 
Both these aspects are manipulable in an action research 
project. An attempt was made to get a feel for the 
reasons for lower career choices of respondents Inspite 
?^ ^^^^ ^^^^ performance. Most respondents seam to 
harbour some fears regarding their ability to enter the 
competitive world of professional careers. The softer 
option is to settle for lower choices which are certainly 
open to them and ii^ere they seem to feel free from a fear 
of failure. High scholastic achievement makes the respon- 
dents confident of doing well in lower choices and their 
fartilies encourage them to play safe. This aspect needs 
further in-depth study. 

Another manipulable variable is the «&oimt of 
lnfc»rmation students possess About various other career 
options and also about the total requirements of the 
careers chosen by them, in this study it was found that 
« majority of the respondents had inadequate information 
about the careers chosen by them. In fact 39X of the 
respondents suggested during the Interviews that HBCS2 
should provide In addition to academic inputs, Infoxna- 
tion about various career options and career guidance. 
A detailed analysis of the responses recorded in these ' 
interviews shows that information regarding academic 
preparations for entering a profession, an adequate feel 
for the nature of cootpetence needed for completing the 
course, and the financial backing needed for establishing 
oneself in the profession (along with information about 
resources available in a Welfare state) is badly needed, 
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In the absence of this Input one is not able to assess 
one's chances, w-^o 

^-^4 ^ -c^^ appears that familial expectations, aca* 
2?^^?!f f!"^? «wireness of the occupational world 
SS^c^^'f! factors In career decXslonHiia}clng. 

HBCSE is planning to undertake In collaboration with the 
f ^ 5!:«2°^?™"*^? • ^•^^ »^^« try.out of this experinent 
f??'^^^' talent areong^ the underprivileged* This try- 
out will cover twenty-six secondary schools and more than 

o«So,^»n???!!^^?^^?^^ ^ linprcve awareness of career 
opportunities both in students and in their families. 
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^ Ofr tht past two decadas Xndia hM adopted a 
10 4> 2 3 pattern according to vhich children enter 
echool at the age of six end spend tmn years in school. 
Those who pass the school leaving exemlnation can enter 
college where they epend two years in e Junior college 
end three years in a degree collegdbefore appearing for 
the Bachelor degree examinatioa. Two years of pre-school 
educaUon is elso available for those who cen afford It. 
Tne constitutional guamt^ie for free education is valid 

S^SL^! i?* 2f ^* P*^*'^ l^*^ three 

years- of the first stago^ that is« with the age group of 
13-f to i5-f# rmd describes the results of en action 
research project eimed et improving the perfomence of 
students coming from the eoclo-economically deprived ■ 
sections of the society. 
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COMETS: CAREER ORIENTED MODULES TO 
EXPLORE TOPICS IN SCIENCE 



Walter Scott Smith (University of Kansas, USA) 



COMETS, developed with funding from the Natio' 1 Science 
Foundation and now a publication of the National Science 
Teachers Association, is a two volume set of curriculum 
naterials for use in grades five to nine to: 

(1^ show students that science study is practical for 
all students, not just those heading toward 
engineering, medicine, anC research; and 

(2) especially encourage girls to study science and 
consider pursuit of science careers. 

The purposes of this paper are to describe how COMETS can 
be used by teachers, review evidence if its effectiveness 
in changing student attitudes toward scientists and women 
in science, and underscore the importance of using COMETS 
~ and other teaching materials like COMETS — in order to 
ensure ourselves in the upcoming decades an adequate 
workforce, which has obvious implications for our quality 
of life. Because COMETS has been developed and is in use 
in the United States, this paper is limited to that coun- 
try, although the author believes there are implications to 
be drawn for other nations. 



The Changing Workforce^ 

America's post-World War II baby boom, which turned into 
the "baby bust" of the 1960«s and 1970«s, has produced a 
series of uneven age cohorts which, in turn, have affected 
the structure of our workforce. Whereas in the 1970«s 38.6 
niinon people reached age 22, the age by which most people 
enter the workforce, and ^0.2 Million people are reaching 
that workforce-entry age in the 1980«s, only 33.6 million 
will reach that benchmark in the 1990*s. In other words, 
as compared to the 1980's, the 1990«s will have over 16% 
fewer new workers. As a result, not only will employers 
like McDonald's have to scramble to find more hamburger 
chefs, who generally are teenagers ~~ and, indeed, 
McDonald's TV ads have started to recruit retirees to their 
workforce — but also a greater proportion of young people 
will have to study, for instance, engineering, if we are 
only going to keep the same raw number of new engineers 
entering the workforce. 
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iL!-? ti«e that the age structure of the workforce is 
changing, the proportion of working males and females has 
i22rfu"* ■ comparable, if not greater realignment. In 
1981 the workforce was 43> female, whereas it had been 37X 
lllll^ Wr.V^ 32J female in i960 (U.S. DepartSenS of 
iScn : figures are mirrored worldwide. From 

1950 to 1975 the proportion of .females in the global 
nni^rS''?* ""a^u ^''S" 35>. "Since 1975 the general 

^^^^ pronounced;*' and the 
;2^hI245^2"Jj ^'^Sr the source of these statistics, 

(KewlMd^ 1980)! considered conservative 

?hi^wnl!! HP/S'^ ■•5.''^ workforce has been altered, 
the kinds of jobs making up the workforce havji also 
undergone changes which, in some cases, have caused great 
rS^n'S^? £?^?*''S^* ^^^^ no longer needld? 

)^e?l?»if tw^n?4*5?g^^^ ^^5^2) eloquently%„c8psulated 
America's twentieth century labor history in a four word 

fnH^SfS^rS^'*-*--^??'''**''----*^^*''*^- •••technician. The 
industrial laborer eclipsed the farmer in the early part of 
the century; and the informetion processing clerical 
worker, whom Naisbitt refered io as a "clerk, became the 
t^At''!!!?^!!^ occupation in the 1970's. Naisbitt predicted 
that before the end of the century clerks will i\e 
outnumbered by technicians, who tend the (primarily ) 

airtn^'llnL^fCJfi? Clearly, the technician 

and to some extent the clerk require a technological 
expertise unnecessary — from the point of view of job 
success — for the laborer or farmer. Nevertheless, our 

^SSnSii''" r^^^f" t""^^ " workplace has undergone no 

changes. For instance, we do not especially encourage 
students to study the physical sciences; and the physical 
sciences we do teach at the high school level are 
appropriate, at best, only for those few students heading 
into science careers. iicau^iift 

a!!lf?TI!r^:o^l?K.?*'4"S^"??"i structure of the workforce is 
Shirting, so that jobs which require scientific knowledge 
and problem solving skills are replacing assembly line 
;!«rfL""?K^'"*"*r predominant occupations. At the 

Sill hi !f^*i!!w"^!w f P*""?^® entering the workforce 

the worvJorL^S** ebb for the remainder of the centaury and 
the workforce has undergone a profound femininization. 
Since one function of education is to prepare students for 
adult occupations and because schools have an implied, if 
not specific responsibility to assure a workforce 
appropriately educated to foster the nation's economic 
well-being, these shifts in the workforce ought to be taken 
into account in our academic programs. 

COMETS In The Clat^srooai 

Given the need for a scieiitifically literate workforce and 
the special requirements to encourage a greater number of 

tS."nny«"^!?4j"^''/5^*"°* ""^ science careers, we at 

the University of Kansas developed COMKTS for use as a 
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supplenent to the science curriculun existing in grades 
five through nine* Our intention was to help students 
answer their perennial qutstioni **Vhy should I learn 
that?!* by using three kindo of role Bodels* The first 
and priaary kind of rol4 Bodel, a ^'coraunity resource 
person vs invited by the teacher to the classroon to help 
teach aciencei but at the sane tine show students how the 
science they are learning is useful to the resource person 
on the Job* 

The second kind of role aodeli the ^historical role aodeli* 
is used to help dispel ^hd students* notion that Marie 
Curie was the only wovisn who ever did anything of note in 
science* Our Materials have extensive infornation about 
nearly 40 wonen who havd won the Kobel Prize or achieved 
other successes in science* 

A third kind of role nodeli the *contenporary role nodel,** 
also is addressed to the problen of encouraging girls in 
science* Ve recognized thst while it is l*^perative that 
students know that Hobel Laurestes include Rosslyn Yalow, 
Dorothy Crowfoot HodgHin, and Barbara HcClintocki to nane 
Just three "historical role nodels,** young wonen would have 
difficulty identifying with those outstanding wonen (who 
generally are nuch other than the students)* Thus, among 
our oaterials we included stories, to be read by the 
students, about different young wonen in careers from 
basketball coach (who uses kinesiology in planning her 
tesm's workouts) to doctor and zoologist* 

A science teacher using COMETS first turns to COMETS 
Science , a ^60 page notebook, which describes over 100 
teaching activities related to nost physicsl, earth, and 
life science topics tsught in grades five to nine AND to 
the cross section of science careers pursued in the 
community* When the teacher, for exanple, is preparing to 
teach about crystals, ninerals, physical properties of 
matter, or sinllsr topics, the tescher scans the COMETS 
Science activities which are keyed to acience topics and 
potential resource people* In this case the tescher would 
be referred to a lesson called "Caranel** in which students 
discover the effect of tenperature during production on the 
final crystalline structure of candy* Using suggestions 
found in COMETS Science , the teacher could contact a 
chenist, aetsllurglst, geologist, or related career person 
to cone to the class in connection with this lesson* 
However, community resource people ought not to be United 
to university trained people* In this case, a welder or 
sculptor could talk with students about the effect of 
tenperature on naterlals* 

Prior to the career person *s visit the teacher would 
introduce the science topic to the degree nutuslly agreed 
upon by the teacher and resource person; and the atudents, 
under the tescher *s directions, would prepare questions 
about the person^s career (e*g*. What do you do? What is a 
O ypical day like? What do you have to do to prepare for 
I/^ our career?)* Then when the career pereon comes to the 
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cltMj the Yislt is begun with the ciptlyiting •Ctrtmel* 
SSw J^^llf^'ed the career person telling students 

now concepts developed in the ■ctlYlty are used on the lob. 
In^^iVll^ tht student; will h»ve not only learnnS ,bout « n 
^P?^^'^!^!'^"'^^^^?^ ^^^^ 'i:^ studying but.^L lio-nen-THir " 

"f ^"^^y'«PPii^<a rlght'in thef iT own home 
|ggmilf;n/^n ^?K "! discussion Of the 

?hS i?I?f SI °" the resource persor cm conplete 

answering. the students ? questions ibout the 
person's ctreer* 

ll ^I?? resource person's yisit and «s techniques 

:L^P!®^f^^^ sttrsct women to science, students cm read 
lltlLj ^lUr^^r^" ^^^^^ teachers about women and men in 
Ini^S !• Articles, passages in textbooks, and biographies 
?n2ric"r ■ unique resource frSm 

COMETS is information about historical contributions to 
science made by women. In conjunction with this "Caramel« 
lesson on crystals, the students can be told about the 
Nobel Prixe winning work of Dorothy Crowfoot Hodgkin who 
used j-ray defraction to figure out the crystalline 

?rmklln%rL!?!I^H''^^ the same technique, Rosalind 

Franklin produced crucial x-ray defraction data about the 
DKA molecule which led Watson and Crick to postulate their 
famous double helix model of DNA, 

^J^mS^^'k*''"'"?''' CQHg^S Profiles , contains 2l\ biographi- 
iitl J^ftches of younger women m science, m connection 

a«.,iH ^iL''!!!^^^*'*^",^".°ry*^»^*' example, stu^Jents 
could read about a geologist, Cynthia Dusel-k»ccn, and her 
irA?S«2«''"«fJ? ^^^I?/ surprised bear while on fiild wo?k 
nS . Alternatively, they can read about Gisela 

Dreschhoff, who annually studies radioactive rock in the 
Antarctica, or Marylee Southard, a chemical engineer whose 
factory aakes tons of material which preserves i^ood over 
long periods of storage. 

Our concern has been to provide curriculum resources which 
nei£ teachers teach> science and not ma!ce the use of 
community resource people and historical and contemporary 
role models mto a distraction, m that regard the 

r2?!lfllr«i[ Th!""'"?* ^^'"fu" ^" -tudentc do activities which 
reinforce the science they are learning, and that person 
describes appxic:.tions in the workplace of those scientific 
ideas. Moreover, the 24 biographical aketches in COMETS 
wM^h !!n !!r!4!!°^ ■ccompanied by language arts act ivities 
wnicn emphasize reading comprehension, vocabulary 
br?i!^?!4"h/''*f writing improvement. COMETS can be used 
feh* f !.SSil^! teacher and/or language arts teacher or by 
the teacher who teaches both science and language arts. 

Effect of COMETS- on Students : 

?l!Ll!?S!"/c'rH®^*.^2 ^f ournai of Research in Science 

Teaching (Smith and Erb, 1986) described a study we 

conaucted to ascertain the effect of COMETS on the attitude 
or early adolescent girls and boya toward acitntists and 
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toward wonen In aelenee. In that atudy COHETS activities 
th^^M^*^ eoaaunlty r«ouree peo""yi"tlig 

th« olassrooB In the aanner described previously. (2) 

-bout hlstorl«ny"felfleant 

Serlod ?n -fS^/"*?"'".}" "olenoe, were used over a two aonth 
CllylLii *ri^,l ^°?J:"°"2 fro. Albuquerque, Mew Mexico, to 
?n!?!..!?:5 S**^?* ^" location the aame teacher 

o^S^r^?''*'' ' "-andoaly-aelected experimental aroup and 

control group, with the exception ol the COMETS treStueht 
both groups received the aame inat -uotlon In aelenee ' 
weirt^S.'S'' immediately following Ini^SeUon, "SS;nts 

^n^f' r»8"'-3J''8 their attitude toward aclentlats. 
(1982) "f^-loP'd ty Krajkovlch and J. " smith 

n982), and attitude toward women In science, uslne the 

J>aBpie Items on the two tests Include "when I 
think of a scientist, I think of a person who shows 
courage" and "we need more women In science careers." 

r?'".."'" dependent variables, attitude toward 
scientists and attitude toward woa«n In science, we^e each 
flltrtl^ covarlance based on a 2 X 2 

<Ia V- ?"^6n with sex and trentment group as the 
Independent variables. Dati from the ellht sUes, which 
covered classes from grades five to elsht. were cillaosed 
into one group for analysis. Pretest feorer?or ?he '^ 
respective dependent variables were used as covarlables. 

The analysis of the data on attitude toward women In 

bui not ?2e?r'int^r "jj" -""^ treatment, 

the cSmets ir„iM«»Sf'J°"' "lenlflcant. Students In 

tne LUfiLTS experioental aroup (n = x - i« • ^ 

33.1) were found after InstrSctJo^ to haJe'a "ig,^if i;2;;tls 
more positive attitude (p<.05) toward women In fSieJcrthL 
the control group (n = i53: 5 = 129.7s s d - ?? o? u«? 
surprisingly, the attltudl'of womfn I'Vse] Um.sf 
=18.2) was significantly more positive (p<.oi) than 
that of men (n = 130; x = 120.2; s.<. = 23.8). 

*ffecf '°*"'!:^ "lentlsts, the treatment main 

effect, but not sex or the Interaction, was significant 
(n i^t^-^'lon, the COHETS experlmen'Jl g?oip' 

M»ltlve'.?tl%.d^ L'A?? ' »l8nlfllantly more 
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lhll ?,.l ^""^f! through nine can expect that If 

H.^f^sfS""?"""? resource people" and other role models 
as described here In their science teaching, then they can 
expect to have a positive effect on the attitude of both 

girls and boys toward scientists and toward women In 

science. These findings, when considered along with 

career role models may positively affect both enrollment in 
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science courses by girls entering high school and their 
personal consideration of « science career. This 
conclusion has three bases. First* similar findings have 
already been found in studies dealing with natucmatics 
enrollments of girls. Second* attitude toward women in 
sc'encc is positively correlated with preference for a 
science career for both girls and boys* so improving this 
attitude through intervention treatments* such as the one 
described here* may lead to sn increased science enrollment 
by girls. Third* young women who select nontraditional 
careers are supported in those choices by male friends and 
parents. Thus* the positive effect of the treatment 
reported here on boys' attitude toward i»oaen in science may 
have the ultimate effect of their increased support of 
girls and women in science. 

Given the fact that we have a workforce that is changing in 
both its sexual make-up — with decidedly more women 
working for a longer period of time — and in the 
predominance of the "clerk** and "technician*** as opposed to 
the *»laborer** and **farmer*** school instruction in science 
must change. More young women must be encouraged in 
science resulting in their increased enrollment in science. 
Further* all students must learn that science is useful in 
virtually all careers. COMETS provides one approach to 
achieve these ends. 



Bibliography ; 

Erb, Thomas 0. and Smith* Walter S. **Validation of the 
Attitude toward Women in Science Scale for Early 
Adolescents. Journal of Researc h in Science Teaching* 
198i** 21 (i*)* 3$i-357. 

Krajkovich* J. G. and Smith* J. K. **The Development of the 
Image of Science and Scientist Scale. Journal of Research 
in Science Teaching * JI9(1), 39-'*'*. 

Naisbitt, John. Megatrends . New York: Warner Books* 1982. 

Newland* Kathleen. WoBen» Men, and the Division of Labor . 
Washington* D.C.: Worxdvatoh institute* WorldWatch Paper 37 198O. 

Smith* Walter S. and Erb* Thomas 0. "Effect of Women 
Science Career Role Models on Early Adolescents* Attitudes 
toward Scientists and Women in Science.** Journal of 
Research in Science Teaching * I986* 23(8)* 667-676 > 

U.S. Department of Labor. Time of Changet . 1983 Handbook on 
Women Workers . Washington* D.C., 1963. DOL Women's liureau: 
oulletm 296. 



• ERIC 




235 



Pre-University Educational System — United States 

Anerlcan public schools encompass 13 grades, stsrting with 
Kindergarten for five year olds, who attend schoc^l half 
days from September through Nay. Most of the approximately 
I69OOO school districts sre organized into elementary 
schools with grsdes 1-6 for six to twelve year olds and 
secondary schools for grades 7-12 for 12 to 18 year olds. 
Some districts insert a middle school or Junior high for 
various ranges of grsdes from about fifth to ninth. 
Education is universslly free for all students and is 
locally controlled by each district within the constraints 
of state and national laws. Private schools are also 
available to varying degrees in different parts of the 
country. 

Especially starting in the 1960*3, university education 
became available to virtually all students who complete 
high school. Some universities are extremely selective in 
admission; and most of these universities are rather 
expensive (about ^ISyOOO/year), so their clientele is 
limited, although some financial aid is avialable. Most 
state's provide comparatively inexpensive education (about 
$G,000/year) in two year Junior colleges, and/or four year 
colleges, and/or universities. Admission to these 
institutions is variably selective from open to all high 
school graduates from within the state to as selective as 
the most exclusive private universities. 

The paper presented here deals with grades 5-9 y which may 
be included in the elementary school, middle school/Junior 
high, and/or secondary school. 



I was educated at Cornell University (B«S. in biology, 
1964) and Indiana University (M.S.Ed, in student personnel, 
1965* and Ph.D. in science education, 1973)* Since then I 
have taught at the University of Kansas where I am 
currently professor of science education and chairperson of 
the Department of Curriculum and Instruction. My 
publications have appeared in the Journal- of Research In 
Science Teaching , Science Education , School Science- and 
Mathematics , and Science and Children on science career 
education with special emphasis on encouraging women in 
science. 

COMETS Science and COMETS Profiles , the two bcoks featured 
m this article, are available for $12.50 each or $24.00 
for both plus postage and handling from: 



Walter S. Smith - Autobiography 



National Science Teachers Association 
Attn: Special Publications 
1742 Connecticut Ave., N.W. 
Vashington, D. C. 20009 
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SUMECT CHOICES IN THE ENGLISH SIXTH FORM AND 
THEIR IMPLICATIONS FOR CAREERS 

Alan Staithers and Paaela Robinson (Departnent of Education, 

University of Manchester, 
Ml 3 9PL., United Kingdom) 



1. ? ^^V^^ considerable freedca of choice over 

J^f.c J^*" °^ schooling. Soaie specialisation 

^Jh^i^^ " ?J y*'^^ °^ «^ ^hose remaining at 

school, usually stu(^y two, three or four subjects (from as mary as 30 
or more alternatives) to advanced level. Although advice is available 
JUnn?^ ^^^^^^^ initiative lies largely with the 

pupils. The difficulty from the government's point of view is that 
not enough are choosing to do the sciences. 

n»fhZlfl^ 1 illustrates the scope of the problem. The statistics 

r^ff ^k!''^ government's Department of Education and Science (OES) 
show that the proportion of sixth formers (16-18 years old) studying 
subjects solely in the science-maths category fell from 42 U in 1963 
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??*^.iS percentages, of course, gloss over a consid- 

erable difference between the sexes. While, in 1963, 54.5X of the boys 
opted for the sciences, only 22.7X of the girls did so, but over the 
years both proportions have declined, in 1985, being )nly 38.9X and 
18.1X respectively. 

. .J}?^^^^*AK^^ ^!»portant to realise that this does not represent 
iS2^I*^r.^*'^^^^ f^*" ^" aggregate terns, to non-science subjects. 
Here, as Figure 1 shows, there was a decrease also. Both fell because 
Of the greater mixing of science and maths subjects with others. The 
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■ost striking thing about Figure 1 is perhaps the continuing growth of 
these mixed courses. From 9.2X of the total in 1963 they reached 29.6X 
in 1985, when, for the first time, they were a larger proportion than 
the straight sciences. This has occurred among both sexes. Although, 
in 1963, relatively fewer boys (7.3X) than girls (12. 2t) were taking 
mixed courses, by 1985, if anything, there were relatively more - 30. 7X 
against 28. 5X. 

What is happening here? Unfortunately, the DES statistics, by 
themselves, tell us little since they are based on aggregate returns 
from schools to local education authorities. But we have been able to 
identify the subjects involved by analysing the A-level entries (the 
examination for age 18) of the Joint Matriculation Board, one of the 
largest examining bodies in England. 

In spite of the great variety of combinations (207 different ones 
for boys and 345 for girls in our sample for 1983), the records show a 
fair degree of consistency in the most popular from year to year. The 
top ten usually accounted for about half of all mixed choices. With 
the exception of 1981, geography, maths and physics has been the most 
frequently taken mixed combination by boys. In 1981, geography was 
supplanted by economics which has come to be regularly one of Ihe top 
two mixed choices by boys. Biology with geography often appears in 
third spot. Among girls, biology and English, and biology and geo- 
graphy, with or without a third A level, dominate the top places. 

In terms of individual subjects, again there has been regularity 
over the yeirs. Maths, geography and physics have been among the top 
five subjects in mixed combinations for boys since A levels were intro- 
duced in 1951, with either maths or geography being the most popular. 
Geography, biology and English have been among the top five for girls, 
but, for both sexes, economics has moved up since the 1960s, although 
somewhat less so for girls. Another important trend has been the inc- 
reasing oopularity of mathematics as a subject taken in mixed combin- 
ations by girls. From ranking as low as ninth it now consistently 
occupies one of the top two positions. 

These changes amid relative stability give us iome clues as to how 
the remarkable growth of mixed courses has occurred. First, there has 
been the increasing popularity of economics as an A level. From only 
2. OX of OMB's total candidates in 1951, it has grown rapidly and, by 
1983, was the ninth most popular (out of 65), accounting for 13.6X of 
entries. Moreover, it is increasingly being taken with the sciences. 
Table 1 shows that both economics and geography (the eighth most pop- 
ular A level, in 1983, with 15. IX of entries), following syllabus rev- 
isions to make them more quantitative, are being taken more frequently 
with the sciences by both boys and girls. 



TABLE 1: Per cent taking subject with sciences 



Male 
1964 1983 



Female 
1964 1983 




Economics 
Geography 



16.2 43.4 
28.9 43.6 



16.7 31.3 
24.2 42.7 
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Setondly^ there has been the increasing tendency, particularly 
among girls, for Maths to be studied outside of science combinations. 
In 1983, for example, 45.4X of girls were doing so compared with only 
15.3X in 1964; the corresponding rise for boys was from 7.7X to 18. 3X. 
This may have had something to do with the different kinds of maths on 
offer; in 1951 there were only two but now there are seven, and one, 
maths with statistics, is particularly popular in mixed combinations. 
But there Is also more appreciation that maths is a form of knowledge 
In Its own right that does not have to be taken with the sciences. 

The contribution of these two components is brought out in Table 2 
which shows that 58.7X of all nixed combinations included economics and/ 
or geography, and 47. OX included maths. Only about a sixth of boys and 
a third of girls were taking mixed courses In the sense of studlying 
actual arts and science subjects alongside each other. 

TABLE 2: Major components 1981 and 1983 





Per cent of nixed category 




Male 


Female 


Total 


Economics and/or 


71.8 


45.0 


58.7 


Geography 






Kaths 


52.8 


41-0 


47.0 


Arts/Science 


13.8 


32.8 


23.0 



The processes by which pupils come to take one set of subjects 
rather than another are complex, but they cat. be seen broadly in terms 
of channelling or choosing, that is, in terms of influences emanating 
in the circumstances or the individual. Our analyses, reported in 
detail elsewhere {Smithers and Robinson, 1987), suggest that structural 
factors such as type and sue of school, or the number and arrangement 
of A-level subjects, are less important than the preferences of ths 
pupils. Schools with a large number of pupils taking mixed courses (40X 
or more) do not seem to differ systematically from those with only a few, 
and there can be considerable variation in any one school from year to ' 
year. This is not, however, to discount the effects of intra-school 
factors (Lewis, 1973) where, for example, a strong personality can lead 
to lots of pupils being tempted to try economics, or poor physics teach- 
ing ma^y result in mar^y taking geography instead. 

Nevertheless, it is the personal preferences cf pupils which seem 
to be decisive and here it is possible to recognise the effects of past 
experience and future plans; there are both pushes from the past and 
pulls towards an anticipated future. 

'Pushes* include ability to do a subject and liking for it. It is 
sometimes said that mixed A levels are a soft option for less able sixth 
formers. Indeed, It has been suggested (Selkirk, 1973) that as more 
have remained at school after the age of 16, fewer relatively (but not 
absolutely) have been able to cope with the demands of hard subjects 
such as physics and maths. 
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It does seem as though those taking the sciences are generally the 
nore able. Table 3 shows that» on average* they had done better In the 
public examinations for 16 year olds. (Ordinary level and Certificate of 
Secondary Education), even In English, than those in the non-science 
category. But those on mixed courses were not usually at the bottom 
but tended to cone In-between (Smithers, CoUlngs and HcCreesh, 1984), 
below those In straight sciences but above those taking 'other subjects'. 



TABLE 3; Performance at age 16 







Kean Score 






Science 


Mixed 


Non-Science 


Overall 


6.00 


5.66 


5.55 


Maths 


6.46 


5.98 


5.23 


English 


6.03 


5.89 


6.01 



Also, contrary to Selkirk's argument, maths has been one of the 
major contributors to the growth of mixed A levels. Moreover, 40. 2X 
taking maths and 42.9% taking physics in mixed combinat'Sons did so on 
the basis of a top grade at 0 level so there Is in the mixed caw«>Qory 
an appreciable nUmber of pupils wh6 have done well In quantitative 
subjects up to tie age of 16, but who in the sixth form elect not to 
concentrate on the sciences. 

In our study of reasons for taking subjects 'liking and interest' 
came out as the most frequently mentioned, and the sciences tended to 
be less liked than other subjects. Economics is not often taught below 
the age of 16 1n English schools so to take it at advanced level would 
have all the attractions of the unknown. 

But future plans were also Important. We fc:jnd that 31.4% of the 
boys taking mixed courses were hoping to study accountancy, business 
studies or management science at university and a further 9.8% were 
hoping to go straight Into employment in insurance or banking. Only 
19.6% were thinking of going on to higher education to study science 
or technology. Few girls (14.7%) in the mixed group were aiming at 
science-based careers either, but they were more likely to be looking 
towards studying geography or the social sciences. 

The swing away from the sciences continues at the stage of univ- 
ersity entrance. Figures published by the Universities Central Council 
on Admissions show that from 1983 to 1985 applications for courses in 
business studies rose by 29% and for accountancy by 20%. On the other 
fiand, applications for physics dropped by 15% and for maths by 14%. 
Even those who specialise in the sciences at university tend to go into 
careers elsewhere, with again accountancy a popular choice. 

At one level, the outflow Is perhaps not surprising. Being cumu- 
lative, the sciences are much easier to move away from than Into. One 
way of picturing the situation is as a funnel. During the early years 
of secondary schooling, when there are relatively few choices to be 
made, the young people can be envisaged as moving up through the stem 
which gradually broadens out as more alternatives are available. The 
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length of the stem corresponds to the compulsory core curriculum and, in 
England, it is relatively short, with the possibility of giving up the 
physical sciences (but not maths) at 13 or 14 years of age. There are 
other choice points at 16, 18, 21 and beyond, and at each stage more 
people are likely to leave the sciences than enter. The drift awa^y at 
16 can be viewed as part of that process. 

But, although understandable, there may be reason to intervene. 
Both the government and industry have expressed concern over the failure 
of the schools to educate enough young people in the sciences. Our 
analysis suggests that if there is a real need for more scientists and 
technologists over say accountants then the problem becomes more one of 
holding on to the people who have made a good start in the subjects than 
&f attracting new people in. 

This coul be achieved both by changing the arrangements and imp- 
roving Incentives* England is unusual in allowing young people to give 
up the physical sciences ai such an early age and a strong case could 
be put for making these subjects part of a compulsory core curriculum 
up to the age of 16. This might be thought hard on those with no int- 
erest in, or aptitude for, the sciences, but ir works not too badly in 
the case of maths. 

The other main approach would be to pay heed to incentives. Acc- 
ording to Rosenberg (1957), the satisfactions to be obtained from a 
career come in three main groups: instrinsic (like using special abil- 
ities), social (like helping people) and extrinsic (like money, security 
and status). Little perhaps can be done about the first two, but the 
extrinsic rewards of working in science and technology could be examined. 

According to one theory they should be corrected by market forces 
and the fact that the rewards are still relatively poor has led some 
economists (Mace and Wilkinson, 1977) to question whether indeed there 
is a shortage. An argument can be developed along the linss that 
Britain is known for its financial institutions and 'invisible earnings' 
are a major contribution to its balance of payments, so perhaps the 
need is for accountants, financial advisors and managers after all. 
And if they are scientifically trained so much the better. Against 
this, it must be said that market forces do not always operate in the 
way that some economists suppose and> in any case, there is a long lead 
time in education - decisions made at age 13 will affect the supply of 
graduates eight years later. 

There is certainly a shortage of physics and maths teachers and 
inquiries have shown that graduates are reluctant to enter the profes- 
sion because of, amongst other things, what they regard as low pay, 
poor conditions and a sense of being under-valued. 

The question of the status of scientists and technologists gen- 
erally in EngUnd is curious. They are mainly classed in Social Class 
I of the Registrar-General* s scale of occupations and nearly half that 
class is made up of scientists and engineers. Yet the connon impres- 
sion u that engineers particularly are thought much less of in Britain 
than elsewhere. Correlli Barnett (1986) has suggested that this is a 
hangover from the days when the classics were seen as the true education 
for the English gentleman and a proper training for ruling the Empire. 
But, although thifigs are changijig, rewards and prestige seem to be att- 
aching themselves not to science and engineering, but to financial 
occupations. o n »^ 
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This came through 1n our study and one of the Important reasons for 
taking mixed A levels was the belief that a business education would be 
more useful than the sciences which could be compartmentalizing. 

Given the complexities of social processes, the government's best 
opportunity of effecting a change would seem to be in terms of the cur- 
riculum. The growth of mixed A levels in the sixth form suggests that 
a broader curriculum would be acceptable to many pupils beyond the age 
of 16. Already, if the science-maths and mixed categories in Figure 1 
are aoded it can be seen that two in every three A-level students {SO,B% 
boys and 46.6% of girls in 1983) are studying some science or maths. 

Our research suggests that even more sixth formers would opt for 
mixed courses in the right conditions. A core curriculum to age 16 with 
a broader range of studies in the sixth form including at least some 
physical science would optimise the range of options on leaving schooU 
There would also be othtr benefits from a more rounded curriculum. In 
England we have a long tradition of laissez-faire in our schools. But 
perhaps the nettle of more direction of the school curriculum should 
be grasped. 
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Educational System in England 

There is a variety of arrangements but secondary school usually 
begins at 11 years of age. There are important public examinations 
normally taken at age 16, the end of compulsory schooling, and age 18. 
Those at 18 are used for university entrance which is highly selective 
Our paper refers to the subjects taken in the sixth form, the period 
from age 16 to 18. The system is described more fully in the text. 
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A VIHI* CF RHIRE SCIHCE TEAfflER; KESPQKSIBILinES AND OOi'EreNClKS 
Dr. Nedhat A. Bl-Nw ( itaited Arab Esirates ) 

Science has always an impact on society. In every cge, the 
knowledge produced by scientists, througli scienctific inquiry, 
has created both benefits and problems for hmanity. The qufltity 
of 11 e on thic planet and welfare of the world populrit;ion ere 
closely tied to science, economics, and politics. Kui:yre deci- 
sions and problems demand the society and its leaders rccoanize 
I he interdependence between science and society. 

Scientific knowledge now accuipulates at an unprecedented rate 
as a result. of the electronic technology of computers, micro- 
scopes, telescopes, and other 3(ionitoring or information procea^•- 
ing systems. Actually, we are experiencing an electronic or 
microchip rovolubion whose impact upon man and society is much 
greater than that of the industrial revolution. 

The unescapable fact is that science is bringing the future 
raster than ever into our experienced reality, let alone ou*- 
attention. Futurists are predicting what they call "probable 
world over the horizon". Such a world is no longer over the 
horizon; we have already started to deal with 

However, among the main features of this uncertain wcrld is* 
a rapidly increasing population, social tensions related to 
ideological conflicts and the maldistribution of resources among 
the earth s inhabitants are likely to increase, depl'stion of 
rich ninera* deposits, less plentiful and more cofftly energy 
sources, unprecedented rate and scale of starvation, and pollu- 
tion of air, water, land, and space will continue to plague all 
life forms on earth. There certain to be surprises and unanti- 
cipated events that will result in a mismatch between predic- 
tions and the real world of 21st century. 

If the futurists are correct, education will play a major role 
in preparing students for the future. Science education can not 
meet this end unless it recognizes and strives to realize new 
goals. In fact, many articles and studies conducted by scholars 
and/or organizations in the last decade have contributed in 
deliniating new goals for science education (Harms, 1977, Yager 
1982; Penick & ^5einhard-Pellen, 1983; Chisman, 1984; Roy, 1986- ' 
Yager, 1986; and others). 

The following are among the most comprehensive and up-to-date 
recommended broad goal areas fcr science education. 

1- Goals for meeting personal needs of students. Science 
education should prepare individuals to utilize science 
for improving their own lives and for coping with an in- 
creasingly technological world. 

2- Goals concerned with addressing current societal issues. 
Science education should produce informed citizens prepared 
to deal responsibly with science-related societal issues. 

3- Goals for achieving career awareness. Science education 
should give all students an awareness of the nature and 
scope of a wide variety of science and technology-related 
careers open to students; of varying apti!t;udes and interests. 

^4- Goals for assisting with preparation ^f or future study of 
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science. Science education should allow students %^o are 
likely to pursue science academically as well as profe- 
ssionally to acquire the academic knowledge approplate 
. for their needs (yager, 1986). 

The Issue of the future may be frightening when we know that 
only goal area four (academic preparation) Is considered by well 
over 90% of all teachers (Yager, 1986), and encouraged by the 
educational s*'stera In general (El-Nemr, 1987). 

The problem 

In our endeavour or achieving the major new goals of science 
education we are Initially compelled to answer the all Important 
questions of: what kind of science teachers will help In 
realizing the new goals In our students today and tomorrow? what 
responsl-bliltles and relevant competencies must be possessed by 
those teachers? and how can the teacher preparation programs 
help them feel such responsibilities and develop such competencies? 



Oarrent situation in science teachers education 

Over the last Kiccade, many research studies were conducted 
In order to evaluate science teachers preparation programs. 
Their ifindingj? revealed serious deficiencies. For example Bybee 
(1984 k i9S6) showed that science teachers education programs * 
lack appropiatjB coverage of global and societal issues and 
problems. Lack of adequate and effective supervision during field 
experiences was shown by Gage & Winne (1975) and El-Nemr (1986). 
Prospective science teachers receive both inadequate and pro- 
fessionally irrelevant educational courses along with an out-of- 
date academic preparation (El-Nemr, 1987). Lack of interest in 
the teaching profession on the part of teaching candidates is 
often reported. It is obvious that a coherent philosophy of 
science education, teaching, and learning Is absent. In most 
cases this is a result of the lack of impcrical data that reveal 
a clear cause-and-effect relationship between specific desired 
skills or behaviours. 

It is apparent thj»t the highest order of national and global 
prioreties thoud be that of establishing clear prioreties for 
the remainder of this century. With national and global 
prioreties established, the goals of schools could be more 
• clearly determinei, approplate science curricula designed, and 
teachers education programs prepared to help science teachers, 
schools, and students attain these goals. 

In the light of the broad goal areas of science education 
mentioned earlier, and the apparent defficiencies and problems 
in the field of science teacher education, it is possible to 
present a tentative framework of the responsibilities that today, 
and future, science teachers should be prepared to assume In 
order to be able to educate their students in harmony with a 
world of change and for a rapidly approaching future with 
"built-in" hazards and hopes. Such a framework suimnarizes a 
great deal of recent research literature in the field. 

The following framework is based upon the assumption that the 
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dfrlinetttion of specific responsibilities and then the relevant 
required competencies of science teachers is a prerequisite for 
the efforts of portraying both the major goals and structure of 
science teachers education programs. 

Suggested Responsibilities of Future Science Teachers 

1- Commitment to human welfare and progress all over the world. 

2- Commitment to the establishment of values and ethics* in 
their students* as major goals of science education In a 
social technological context. 

3- Awareness of the aesthetic and moral as well as technological 
and scientific answers to human* societal, and ecological 
problems. 

4- Orientation of science teaching toward the future, giving the 
students opportunity to consider various alternatives for 
the future course of human events. 

Commitment to the teaching of science in a human, social* 
and global context. 

6- Organizing science concepts according to the scientific- 
technological -societal (STS) events and problems that havv> 
meaning for the quality of life and survival* rather than 
according to the epistemological structure of the discipline 
alone. 

7- Commitment to the teaching of science from a holestic and 
integrative perspective* even within a noninterdiscplinary 
curriculum. 

(»- Orientation of a substantial portion of laboratary and field 
investigation toward individual* community* and environmental 
based problems* issues, or politics, through personalized 
teaching as possible. 

9- Commitment to the development* in their students* of such im- 
portant cognitive skills as decision making* valuing, know- 
ledge validation* problem resolutoln, and ecological thinking. 

10- Commitment to take intiative for their 6wn learning* and . 
help their students develop such an attitude. 



Science teachers can not properly assume the above responsi- 
bilities unless they are translated into behavioural compe- 
tencies to be developed in the prospective science teachers- 
through relevant practice during their preparation program. 

*ihe cc^-^-^i^t; of competence of science teachers is not new. 
• Through-ouu wiMs century* programs for the preparation of 
science teachers have stressed, to varying degrees* comptence 
through college or university preparation. But the language of 
Competency- Based Teacher Education (CBTC) did not exist before 
the last two decades. Gage and Wlnne (1975) define CBTE as 
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t«achor training In which the prospective or Inservice teacher 
•;*iulres« to a specified degree, perfonwince tendencies and 
capabilities that promote student achievement of educational 
objective. "Teacher performance" refers to observable behaviours, 
both verbal and nonverbal, "Tendencies" refers to what jthe 
teacher typically does In the average or normal teaching sltua-* 
Won. "Capabilities" refers to what the teacher Is able to do 
when trying his best. Both tendencies and capabilities are 
assessed In terms of an explicitly stated level of mastery. 

In support of CBTB. Gage and Wlnne (1975) found that the evi- 
dence for effectiveness of clearly defined objectives and feed- 
back about teaching performance Is fairly constant. They stated 
that "when the Information Is explicit, clear, and keyed to 
specific aspects of teacher behaviour, feedback result In 
Improvement In the trainee's ability to perform according to 
model" 

Considering the potentials of CBTE ue are required to search 
for new sets of science teaching competanclcs that can better 
reflect the assigned responsibilities of science teachers 
presented earlier. A revleO of literature on teaching competen- 
cies for the purpose of writing this paper resulted in the 
following set of science teaching competencies. The following 
set is far from being comprehensive. It is presented here to 
exemplify features of the competencies that future science 
teachers are required to possess if they are expected to prepare 
their students to face the future to come. 

Two Important conditions must be met before admitting 
candidates to teacher education programs: 

- Condetlon one: We should start by rejectino as eary as possi-* 
ble prospective teachers who are not really Interested in the 
profession of teaching and a scholarly life (Hurd. 1973). 

- Condition two: Previous experiences; existing knowledge, 
skills and abilities: attitudes and values: and goals of the 
prospective teacher need to be taken into consideration in 
admitting candidates to a teacher education program (Craven, 



Exemplary Science Teaching (k)mpetencles 

It is suggested in this paper that the future science teachers 
are required to possess the following competencies, i.e. be 
able to: 

- maintain ethical standards expected from a professinol educator. 
• demonstrate academic competence 1** tlie disciplines related to 

science, technology, and society. 

- demomstrate tocess to information relevant to specisl fields 
such as data processing, data retrieving by computer, air 
quality, hazardous substances, land use. extinction of Plants 
and animals, and world hunger, and others. 

- keep abreast advance in subject knowledge and instructional 
philosophy and materials. 

- read, interpret, and utilize current professional lltrature 
in the field of research in curriculum and instruction. 

- develop in the students the willingness and ability to -:earn 
on their own initiatives. 

- instill an awareness of the need for conservation of human 
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and natural resources and welfare. 

• foster independent and responsible thinking arong students by 
encouraging; them to consider conflicting :Hvidence, ideas, and 
values. 

• guide students to generate succe^^^sive alternative inages of 
the future possibilities and probabi^Mtie^. 

- cause students tc value and use a variety of congnitlve and 
affective proccsj^es with which to gain greasier conscious con- 
trol over one*s self, and one*8 social and natural environment 

- explore with students the relationship among science, tech- 
nology, and society. 

- relate scientific concepts to each learner's interests, needs, 
and abilities. 

• use instructional methodology compatible with the conceptual 
and investigative nature of science^ 

• effectively utilize and operate educational technological 
equipments, technic.uas, and media. 

• develop evaluative techniques and criteria with which to 
determine the effectiveness of specific classroom instructional 
goals* experiences, materials, methodolo<?y, and evaluation. 



Criteria to be met by a given science teacher candidate in 
order to demonstrate his competcnca-as exemplified above-could 
be agreed upon by an advisory committee consisting of professional 
scientists, science educators and experienced science teachers. 
When demonstrated in an agreed upon manner at an agreed upon 
level, the teacher candidate would be certified as competent. 

The changing and uncertain nature of the present and the future 
'of the real world suggests that science teacher education pre*- 
rams should provide numerous opportunities for the prospective 
science teacher through which he is encouraged to develop and 
practice the arpropiate-agreed upon-teaching competencies. 

This paper has presented a tentative framework of responsibi- 
lities and competencies that should be taken into consideration 
while delineating n^w voals and struf;ture for science teacher 
education programs. 
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Pre->University Educational System in Egypt: 

-Pupils inter elementary schools at age 6 where they spend 
six years. 

-Elementary school graduates enter preparatory (middle) school 
at age 12 where' they spend three years. 
-According to their total grade in the Preparatory School 
certificate (PSC) students join either general (academic), or 
agricultural, or industrial, or commercial, secondary schools 
at age 15. They can also join Teachers Training Colleges (TTC) 
where they are prepared fore. career in teaching in elementary 
schools. Students spend 3 years in secondary schools or the TTC's. 
Students at general secondary school get their General Secondary 
Certificate (6SC) which qualifies them to inter the university 
through a kind of national compitition. Higher graders have 
lietter chance to .ioin their favourite faculties, while lower 
graders are ciore likely to join less favourite faculties (among 
which are the faculties vf education !). To get the GSC 
stud3nts are evaluted sun^n'clvely in the subjects they take. 
The GSC national examination is essay type and measures student *s 
Knowledge in the assigned subjects. 
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This paper may serve the purpose of furnishing a basic Fr«-^ 
work for the initial attempts of improving science telchef^" 
cation programs in the Egyptian UniversitLs it L h™^^^ 
this paper will also stimulate more extensive rese«rnh^«r. \, 

stra?ia?lS Vrr.""^^"''^' competencies ani dlvl?op'workab?r'" 
strategies for helping prospective science teachers develop and 
improve these professional competencies. aeveiop and 
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SOCIETAL ENGINEERING: BUILDING BRIDGES THROUGH SCIENCE EDUCATION 



Prof. Dr. Maurice G. Kellogg 
(Science Education, Western Illinois I6uversity» Maccoob, Illinois 61455, USA) 

Science education has broad Implications and applica- 
tions within a university setting with many opportunities 
to communicate and share resources with diverse groups 
chronologically and academically. Science education in 
this context Is not restricted to formal academic settings, 
but rather to Inform?! encounters and Interface between 
academic and non-acadetalc groups. 

As science educators, we have an obligation to Identify 
and facilitate the sharing of relevant science Information 
to enhance science and technology education within our so- 
ciety. Our degree of success rests to a high degree with 
our effectiveness In maximizing the total resources avail- 
able. Efectlve science education of our youth and the 
general public can only be achieved by first the recog- 
nition of the resource opportunities and second, the 
motivation to Initiate cooperative planning. Only with 
collective efforts to address and consider both the total 
mission of science education within a community and the 
resources available can success be achieved. 

There is a tendency either through expediency, auto- 
cratic decision making, or lack of Information to work 
Independent of other agencies whose resources can comple- 
ment our efforts. Intra and Inter departmental cooperative 
programming among universities, schools, and public and 
private agencies can be extremely productive. Science 
education for our youth and the general public Is a common 
responsibility shared among many science educators, scien- 
tists and other professionals who may not recognize nor 
readily accept this obligation. Agencies and Institutions 
as well as individuals respond to their own priorities and 
missions often overlooking the opportunities to cooperatively 
network with others. 

This writer In recent years has practiced a commitment 
to "build bridges" In an attempt to Increase the sensitivity 
and desire to promote sharing and communication In areas of 
common Interest. As a facilitator for networking among many 
public and private agencies, universities, departments, and 
Individuals, It Is Important to establish areas of common 
1nt<^rest and Incentives for developing a working relationship. 

This writer serves as the Director of the Science Edu- 
cation Center, Western Illinois University and Is administra- 
tively assigned to two departments - The Department of 
Elementary Education and Reading^ College of Education and 
The Department of Biological Sciences, College of Arts and 
Sciences. Collectively this writer, during the course of 
the year, teaches elementary science nethods, science edu- 
cation courses for elementary education majors » biology 
methods, and science education courses and workshops for 



: ERIC 



301 



ldSl«r%^i'^s?^^ ''■^ extension program. This writer also 
" 5^! biology education majors. The very nature of 
this position lends itself to the opportunity to interface 
with many departments and all levelTCK-lZ of the public 
and private schools. A review of the nature of the co- 
shfnc programming in science education, the relation- 
sh PS developed and programs established a^e presented 



ILLINOIS SCIENCE SERVICE NETWORK: 



n„« .Jfhaps one of the more extensive efforts for co- 
l^J^cM P'-°?'-»'»«'1"9 in which this writer shared a 

S?« Netiolk '"?J''?i?f'^]°P5^?' °^ "1^"°^' Science 
service Network. The Illinois Science Service Network (i<i<iH\ 
was developed during the early I980's as a partnership ien- 
nl?„^f''f!^'^^ "ate Board of Education and the 

Illinois State Universities. The purpose of the ISSN was 
to foster the development of positive attitudes toward 
sc ence by assisting local school districts in providing a 
science program for an students through a curriculum that 
^n^^?' Ifl^^ "^^'J" ^ importance of science stS3y ?o peJ. 
sonal life experiences and contemporary societal problems. 

ji ^ f""** consultant services were provided tn ^nr»^ crhnni 
districts by representatives of one of thrstate Sn vlrsi?i 

sS^vPv nl\'r/''°".'""'"'^"^°" °f « local se f-asses mint ^ 
survey of their science education program. The visitina 
consultant reviewed and helped f.Uerp?et the self. assessment 
l^inn^^^r}: "" recommended both short and long term remISi" 
ation. The university network sites also sponsored con- 
ItriZVr' '*°^^''^?P='' and provided communicItiSn [hroSgh 
efch of th^^ ^1'%"; ^"f education dire^ors from 

"are in S?,n^;«„''''^ university sites met periodically to 
fn nfcl. Pli""^"9 assessment and in-service strategies and 
to discuss future cooperative projects. Fundinq for thri<;<;N 

?a??on"',i:3%hr''°Jf°r"''*?y """"^'^ State Ioa?d of Edu!" 
cation and the participating universities. 

c 2 This writer continues to function as Director of the 
Science Education Center, Western Illinois UM5e?si?y and 
Cp^lrc" ^2 ""f^! ''""^ "^t" the other Un ve^s t? Science 
sp?J?^r„ ^'■^ provides consulting Ind in- 

service programs for area schools, hosts visitina science 
■SrtpJv'"?.^;:'' ^I'-^-lates a periodic newsletter io^ppJox" 
mately 1500 science teachers and administrators K-IZ. 

PROFESSIONAL INVOLVEMENT: 

This writer has attempted to keep in touch with <:ripnrp 
education at the State and National level through actiSl in 
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TeacherSt and the Illinois Environmental Educational Asso- 
ciation are all organizations that this writer has served 
in «any capacities over the years. It is this inter- 
organizational involvenent that led to the K-16. multi- 
discipline nature of the Illinois Science Teacher's Con- 
vention* which Incorporates kindergarten through college 
level science presentations supported by all science and 
cnviron«ental organizations in the statt. Primary teachers 
can interact with secondary and college science teachers 
and science educators with science teachers at all levels. 
This is as it should be. 



SCIENCE EDUCATION K-12: 

Due to this writer's dual assignment - elementary science 
education and secondary biology education - he works with 
prospective science teachers K-12. In both elementary and 
secondary science methods, this writer emphasizes the impor- 
tance of communication, and articulation of the science 
curriculum K-12. anc the identification and utilization of 
community resources to enrich the science program. 

When involved in in-service science consulting with 
local districts, this writer services local districts at 
both the elementary and secondary levels and promotes K-12 
cooperation and articulation of the science curricula. The 
presence of a person specifically charged with the responsi- 
bility of coordinating the science program in a local district 
and the establishment of a functioning, permanent K-12 science 
curriculum committee is rare. Science education consultants 
need to continually stress the importance of a sequential, 
coordinated science program for all children K-12. 



USING PUBLIC SCHOOL TEACHERS K-12 AS CONSULTANTS AND ADJUNCT 
STAFF IN IN-SERVICE PROGRAMMING: 

Elementary and Secondary Classroom teachers provide an 
invaluable reservoir of experience and expertise that can be 
utilized in in-service workshops and institutes. They can 
identify with the concerns and frustrations of their peers 
from their own daily experiences. 

During the Summer of 1986. this writer engaged the ser- 
vices of three high school science teachers to assi^-^ him in 
a government funded secondary science institute dealing with 
generating and/or modifying science laboratories to better 
relate to societal problems. The three high school teachers 
who did the majority of the instruction, were considered 
adjunct faculty of the university during the three week in- 
stitute for which university credit was offered. 

During the Spring of 1987. this writer was contracted 
by a local school district to plan and implement an all day 
science in-service institute for 150 K-6 elementary teachers. 
The presenters contacted to participate in the institute were 
outstanding science teachers at that grade level in their own 
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schools - A kindergarten teacher working with kindergarten 
teachers, a first grade teacher working with first grade 
teachers, etc. Among the presenters are teachers who have 
received state and national recognition, have written 
articles for national journals, and teachers who have out- 
standing reputations for their work in science education in 
their own districts. This writer served as a facilitator 
to bring together this talent to achieve a common goal. 

Each fall, a drive-in conference is held on campus for 
secondary biology teachers. Most of the presenters are high 
school biology teachers who have an expertise, a teaching 
technique, or a new laboratory to share. The university 
biology staff are available for consultation and research 
updates. This event has provided a mechanism for area 
biology teachers to share among themselves as well as an 
opportunity to keep current on biological research. 

Each spring a "Science Education Update" conference 
is held on campus for elementary K-8 science teachers. 
Again, the teachers are highlighted in the program, with 
twelve to fourteen elementary teachers invited to make a 
presentation to their peers. Undergraduate elementary edu- 
cation majors are encouraged to attend. These sessions are 
always well received. 



MULTI-DISCIPLINARY PROGRAMMING K-12: 

Project Wild (PW) and Project Learning Tree (PLT) are 
two interdisciplinary environmental education programs of 
the Western Regional Environmental Education Council, spon- 
sored by Fish and Wildlife Agencies and the American Forest 
Institute, that have been adopted by many of the states to 
supplement their school curricula. Each program contains 
environmentally oriented activities ranging from K-12 in 
science, social studies, mathematics, language arts^ art, 
etc. 

As a workshop facilitator for these programs, this 
writer was asked to provide an in-service workshop for these 
two prograrrs in a local school district for all of their 
teachers K-12. With the assistance of a select staff, a 
kindergarten teacher, a social studies teacher, an art 
teacher, and another science educator with elementary teach- 
ing experience, the workshop was delivered with a great deal 
of success. This writer and the four assistants, all having 
diverse content backgrounds, shared an Interest in environ- 
mental education and a motivation to help teachers incorpor- 
ate these principles into the curriculum for children. The 
local district Is developing an outdoor education area to be 
used cooperatively with their elementary junior high and 
secondary classes in science, math, social studies, English, 
etc. 
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COOPERATIVE PR06RAHMING AMONG UNIVERSITY SCIENCE DEPARTMENTS: 

Cooperative planning among several university science 
departments Is often reflected In grant proposal writing In 
which this writer has contributed as well as programming for 
campus visitations by science teachers and students. Speak- 
ers from the various university science departments often 
address on campus conferences. Including elementary and 
secondary science teachers, as well as visiting high school 
Science students. This writer often serves as a facilitator 
to Identify a specialist In a certain science area to serve 
as a consultant or speaker for a local school district, 
identify a specimen or substance, or respond to a question 
from a teacher or student. Science educators knowledgable 
of the expertise that exists among the science professors 
and their willingness to share with the public can be In- 
strumental In expediting such requests. 



INTER-AGENCY COOPERATIVE PUNNING; 

During the Spring of 1985. this writer Initiated a confer- 
ence cooperatively with the Department of Recreation and 
Park Administration at Western Illinois University entitled 
Environmental Education Co-op Conference," This two day 
conference held at the Universities "Horn Field Ca^npus". 
was for the purpose of bringing together representatives 
or all agencies In west central Illinois that provided re- 
r^rfff.S^ ^S"® ^^P® ' personnel, published materials or 
Taciiitltes In the area of environmental education. Teachers 
K-12. scout leaders. YMCA and YWCA programmers. 4-H leaders, 
naturalists and park and recreation leaders were Invited to 
the conference. Eighteen agencies participated In the con- 
ference, providing displays of materials, making presentations, 
directing field trips and distributing materials. Over 100 
participants Interacted with the various agencies represented 
including the Illinois Department of Conservation Offices - 
Wildlife. Forestry and Soil. Illinois Department of Agriculture. 
Illinois state Museum. Illinois State Geological Survey. Nature 
Centers. County Extension Services. Park Districts. U.S. Corps 

Wildlife Service. Benefits were 
not only provided to the participants, but It also provided 
an opportunity for the agency representatives to dialogue and 
share information. 



BIOLOGICAL TECHNIQUES FOR BIOLOGY EDUCATION MAJORS - BIO SCI 381 

hi/ biological techniques course aeveloped and coordinated 

offlrll IVIVmU]^ J° education majors and is 

rlllll ^5 to their regular biology education method's 

IcZlr:. members of the biological 

!^:!ef f and others in the university community. The 

course is comprised of modules of varying amounts of hourly 
credit presented by over sixteen (16) staff members. Each 
student selects a combination of modules of their choice to 
total a minimum of forty-five (45) hours of participation. 
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Modules Include presentations in Lab Safety and First Aid, 
Cardio-pulmonary Resuscitation (CPR) techniques, Aquatic 
Field Techniques, Algae & Bryophyte Collecting and Culturing, 
Mammal and Bird Field Techniques, Bacteria and Fungi re- 
sources. Ornithology Study Skins, Micro-photographic Tech- 
niques, Genetics - Media and Culturing, Micro-computers in 
Biology Education, Herbarium and Plant Preservation Techniques, 
Plant Propagation Techniques, Chromatography, Spectro- 
photometry and Electrophoresis, Invertebrate Culturing, Edu- 
cational Museum Visitations, and Science Fair Judging. 

The biologists and others who provide two (2) to eight 
(8) hour presentations volunteer their expertise and collec- 
tively provide the undergraduate biology education majors with 
a wealth of techniques and Information useful In their career 
preparation. 



SCIENCE FOR PARENTS AND KIDS: 

Science for Parents and Kids is a program started in 
1985, designed for local school children K-6 and their parents. 
Monthly programs of one hour in duration are identified and 
organized with the help of resource persons throughout the 
university community and held evenings, Saturday mornings, 
or Sunday afternoons. Volunteers from the Departments of 
Biology, Geology, Geography, Agriculture, Recreation and Park 
Administration, and Elementary Education present such topics 
as: Aquatic Organisms, Astronomy and Our Solar System, Early 
Morning Bird Hike, Fossils and Pre-historic Animals, Green- 
house Tour, Hands-on Science Activities, Horticulture and 
Landscaping, Nature Walk, Predatory Birds, Rocks & Minerals, 
Weather Forecasting, and Wildflower Hike. Undergraduate and 
graduate students assist In the presentations as well as 
others In the community who have an expertise In the topic 
of the month. During the 1986-87 academic year 116 families 
are active members totaling 434 individuals. 

This program provides a vehicle for parents and their 
children to share a stimulating science experience. Biblio- 
graphies of reference books, magazli ^s and agencies that 
provide additional Information are provided for each session 
to encourage families to follow through with additional read- 
ing and/or field trips. 

This writer serves as a facilitator for the program that 
provides enrichment experiences for the participants and an 
excellent public relations outreach program for the University. 
An Indication of the response to the program Is evident In the 
need to provide multiple sessions for all events. 
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In the United States, typical educational patterns may 
be organized Into a K«6 elementary school t 7th and Bth grade 
junior high and $th through 12th grade high school, or In 
some cases a K-4 elementary school, 5th - Bth grade middle 
school and 9th through I2th high school. Children would 
enter Kindergarten at age 5 and typically graduate from high 
school at or near IB years of age. Rank In class, high school 
grade point averages and scores on national American College 
Tests (ACT) are usually considered for college entrance. 

This paper would best be related to science education 
In terms of coordinating and facilitating for K-12 schools 
and general education* 

This writer completed a B,S. and degree In Biology 

Education at Western Illinois University and an Ed.O. degree 
In Science Education from Indiana University. He has taught 
science In grades 7-12 for 16 years and university science 
education for 21 years. At the university level the assign- 
ment Includes teaching elementary and biological teaching 
methods, pre-servlce and In-service content/methods and 
science curriculum courses and workshops, and advising of 
science education majors. A few of my publications Include: 

Metric Strand , Individualized Mathematics System , 
IMSO, Ginn and Company, 1975, Co-Author. 

Sourcebook for Biological Sciences , Hacmlllan 
Company, 1972, Co-Author. 

Developing Children's Thinking Throu gh Science , 
Prentice-Hall, inc., igTTTCo-Author, 
Method's Textbook. 

"Teacher Education In Action", Science and Children , 
September, 1969, Co-AutEorl 



Dr. Maurice G. Kellogg, Prof. 
Science Education 
Western Illinois University 
Macomb, Illinois 61455 
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INSTRUCTIONAL STRATEGY FOR TEACHING SCIENCE AT SCHOOL LEVEL 

D.N. Sansanwal* A. Joslii 
Deptrtaent: of Education, Devi Ahilya Vishwavidyalaya, INDC»£ . { INDIA ) 



u mnauCTiGN 

or 

Instruction is an organised system of activities which works towards the 
rctlimion of certain specific goals. The system, here, involves different 
*-.oiH)oncnts which, although, are distinct in their nature and operation, 
function in a coordinated manner contributing to the achicvcBMmt of goals . 
In an instructional situation, the cooponents of the system are ii^t 
learning naterial and various techniques and media of presentation such as 
lecture, discussion, progranined learning, seminar, practical work, library 
work, radio, etc. Instructional strategy refers to organising instructional 
cooponents into a system which aims at realising certain predetermined 
specific instructional goals. These cc«|)onents, as in any 'system' have to 
^jpear in the final form of the instructional strategy in an integrated fashion. 
Such an intructional strategy would be self-sufficient in terms of the 
adeouacy of specific learning experiences to be provided for achieving the 
predetermined goals. Also, it would be self-contained in terms of operational 
details for utilization of the strategy. Evolving such an enpirically validated 
instructional strategy has to be seen as a process consisting of several 
sequential activities including experimentation over an adequately long period 
of time. An in?>ortant characteristic of an instructional strategy is that it 
is a system which has in the long range an inbuilt scope for reproducibility, 
self ^evaluat ion and continuous refinement. 

Looking to the need of developing instructional strategy, Yadav and Govinda (1977) 
developed an instructional strategy for teaching Educational Evaluation to 
B. Ed. students. The strategy conqjrised of Programmed Learning Material, 
Discussion, Library work and Practical work. Sansanwal (1977) evolved an 
instructional strategy for teaching Research Methodology cours to M. Ed. and 
M. Sc. (Home Sciences) students. It consisted of Programmed Learning Material, 
Libracy work. Discussion, Seminar, and Feedback on unit tests. Shah (1978) 
replicated the study conducted by Yadav and Govinda (1977). Seshadri (1980) 
developed instructional strategy for teaching Algebra to class IX students. 
Introduction by the teacher, Progranroed Learning Material, Assignment, Tutorial, 
Smnary, Group activity or Mathematical Games, Criterion Test, and Feedback 
session were the conqponents of the instructional strategy. Joseph (1983) evolved 
a strategy for teaching English Granroer at High School level, the coii?)onents 
of instructional strategy were : Introduction by the teacher, Programned 
Learning Material, Tables and charts. Exercise, and Assignements. Ravindemath 
(1983) and Vardhini (1983) developed a multimedia instructional strategy for 
teaching science Biology, and Science (Physics and Chemistry) respectiely, to 
class VIII. Their strategy consisted of Introduction, Lecture, Discussion, 
Guided Discovery, Audio-visual, Biogrfqjhical accounts, Suninaries and Glossary, 
Diagram, Exercise, Assignment, Criterion Test and Feedback. Lastly, Menon (1984) 
developed a multimedia strategy for teaching 'Educational Technology' at 
postgraduate level. The strategy consisted of Programned Learning Material, 
structured lecture. Team Teaching, Seminar, Librapr work. Assignment, Practical 
work. Slide-taped conraentary. Work-book presentation. Discussion and Feedback. 
In all above mentioned studies, the effectiveness of instructionsl strategy 
has been studied in terms of achievement of criterion tests and reactions 
towards different con^xments of instructional strategy and intructional strategy 
as a i4iole. And all developed instructional strategies were found effective. 
It is evident that instructional strategies have been developed at various 
levels for different subjects. No effort has been made to develop instructional 
strategy for teaching science to class IX students. Thus, the present study was 
aken. 
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2. icmxn«r (F iiGmmcNAL snuoBGY 

Develqpnent instructional strategy for teaching science to students of standard 
IX was the objective of the present study. The instructional strategy was 
developed by following various steps in a scientific manner. The steps followed 
were: content analysis and objective specif ication, selection of instnu:tional 
coa|x>nents» developoent of software naterial and empirical validation. Details 
regarding each st^ have been presented hereunder: 

Content Anal>*sis and Objective ^>ecification: 

The first step for developing instructional strategy was content analysis and 
objective specification. The detailed analysis of the content related to 
Physics - a branch of science was done. The whole content was divided into ten 
units. Out of ten units, five units were used for developing strategy. The 
five units \^Tt: Measurenent of Fundamental Quantities, Linear Notion, Work and 
Hnergy, Measurement of Heat and Temperature, and Expansion in Solids, Liquids 
and Gases . The contents of each were further broken down for specification of 
objectives in behavioural terms and a flow chart was prepared to determine the 
sequencing of the material. Alongwith this, for each unit a criterion test was 
prepared. 

Selection of Instructional Coo^Kments: 

The second step followed in developing instructional strategy was selection 
of instructional ccoponents. The main basis for selecting instructional con^wnents 
was the objectives of teaching Science, that is Physics. The objectives were: 
(I) to give some basic information about the theories, laws and principles 
involved in each unit of the course, (II) to develop higher mental ability in 
science, (III) to develop the power of criterical thinking, (IV) to develop the 
ability to apply laws, principles and theories in solving problems from physics, 
and (V) to develop certain attributes like independent stuidy habits, tolerance for 
other *s idea, cooperation etc. Some of these objectives could be iraraediately 
realised while the others were long-range objectives. Realisation of objectives 
related to aquisition of basic information could be assessed as direct result of 
instruction provided. But the instruction provided could easily be seen contri- 
buting to the realisation of long-range objectives related to the development of 
certain attitudinal qualities and attributes. Obviously they could not be 
considered exclusively as results of the instruction provided in teaching the 
course. Rather, the development of these qualities involves a continuous process 
which stretches over a longer period cutting across various stages of education. 
Keeping these objectives in mind the different ccraponents of ii2structional 
strategy selected were -programmed learning material, experiment, assignment, 
discussion, criterion test and discussion on criterion test. These techniques 
have differential potentialities in realising the above stated objectives. This 
fact was given due consideration while selecting the ccB^xments of instructional 
strategy. Further, the target population of this study was students of standard IX, 
that is, a<lolescent* The adolescent behaviour is marked by its characteristic need 
for independence. So self-learning was considered as more effective. At this stage, 
the group activity-was necessary for children. Feasibility of adoption in regular 
school work was taken, as another consideration for selecting various components 
to be included in the strategy. In order to arrive at such a strategy, six 
instructional components were selected vAdch when integrated into the form of 
instructional strategy would posses the *bove mentioned characteristics. These 
ccii|)onents are listed below in the sequence in which they appeared in the 
instnictional work. 

1. Progranaed Learning Material (PLM) 

2. Experiment 

3. Assignment 

4. Discussion 

5. Criterion Test 

6. Discussion of performance on criterion test 




JJevelopoient of Software Material : 

The third step in the process of development of instructional strategy was 

mterial. The software naterial for various 6b«)onents 
was developed scientifically and sequenced in the manner as it was to Tused 

^ific details in developing software for each 

1. Progranwed Leaping Material : The prograaned learning material was the main 
coyonent of the instructional strctegy. The PW was developed according to 
U^mechanics needed for preparing a valid program of linear style. Students 
were required to read the PIM during specified class hours. The teacher 
concerned was present during this tia« to provide clarification to individual 
students as and vj»en they asked. Those who could not.cooplete the reading of the 
PIM durir|^5pecified hours, did so at^their convenienceTither at sSiSol or 

at home. The aain purpose of this conponcnt was to give knowledge of the 
basic theories, principles and laws in physics included in various units. 
It was also expected that stuying through the PLM would help the leanjers 
to acjwirc independent study habits . 

2. Experiment : Eycriment was included as a coa^xment of instructional strategy. 
The main aim of science teaching is to give new information as well as to 
^!iSSl,c ^^^^ 2^ observation, handling the apparatus, insight in the use of 
apparatus etc. The PLM was used to give new infonnation while the skills were 
developed through e5q>eriment. E3q)eriinent has prominent place in the learning 
of science bec^se science can be best learned through 'learning by doing'. 
While reading through PLM, students carae across tne frames where they were 
asiced to perform experiment before proceeding further. 

3. Assignment : Assignments were developed for major concepts '•■n'ered in each 
unit to serve the purpose of drill in problem-solving and Mp students in 
consolidating the learned points. Proper sequencing of the assignments in 
the instructional strategy was specified by inserting them at appronriate 
places m the PLM itself. »iipiv.«xc»i.c 

4. Discussion : The dicussion was included in the instructional strategy as 

an instructional coinjonent with a view to full fill the objectives of clari- 
fying doubts as would arise from the reading of PLM and perfoming the ex- 
periments, developing higher cognitive abilities - application, analysis, 
synthsis, and evaluation, developing power of critical thinking, developing 
tolerance for other's idea, etc. During discussion, almost, all points of 
the topic were covered. As would be in any discussion, the teacher concern 
to guide the discussion to keep it on the track. Normally, discussion 
was Held at the coqpletion of the topic. But it was also organised on demand 
irom the students. 

5. Criterion Test : Criterion test for each unit was prepared with items having 
correspondence with specific instructional objectives. Perfoimgnce on these 
tests was considered as the basis for validating the effectiveiiess of the 
Instructional Strategy. The criterion test senred as an additional instruct- 
ional con|)onent when taken by the learner for self-check. This facilitated 
learning as the knowledge of perfonnance acted as a reinforcer. 

6. Discussion of performance on criterion Test ; The discussion of performance 
on criterion test was included in the instructional strategy as an instruct- 
ional cocfjonent with a view to full-fill the objectives, such as, to acquaint 
students with their mistakes so that they can isaprove upon them, to find out 
those aspects which majority of students did not understand and later on to 
explain these aspects to them, and to acquaint students with the answers 
given by their peers. The criterion test was analysed to identify the diffi- 
culties faced by students. On the basis of this analysis the discussion was 
neld. 

It may be stated that the entire software material for all the instructional 
before^hand*^^^^ for discussion of perfonnance on criterion test was developed 
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3. MHaCAL VALUMION GF IHE IHSISUCnCMAL SIMBGY 
Initial Tryrout ; 

TheprofrawttJ learning mteritl and software aaterial developed for the other 
components of the instructional strategy was first tried out on a group of five 
students for language suitability, effectiveness of sequencing of the various 
co(^)oncnts and tine required for executing different con^xjnents. On the basis 
of the observation «ade during this tiyout study, necessary modifications in 
the material were aade to increase the effectiveness of instructional strategy. 
™ instructional strategy was further tried out on a groq) of 30 students of 
"•J^'^ IX adttitted during 190S-86 academic session in K^ala ftehxu Oirls 
rngher Secondary School situated in Xndore. This itvoup was taught Mil the five 
wits of physics through the instructional strategy. On the basis of this 
experience, the necessary nodif ications in instructional ccoponents were nade. 
The MXt step in the process of eapirical validation was the field tryout. 
This tryout involved testing of the instructioanl strategy in real classrooo 
situations under actual teaching conditions to asceruin the effectiveness of 
each conponent as well as the instructional strategy as whole in achieving the 
set objectives. * 

Field Tryout ; 

pe sample for the study consisted of fifty-four students of standard IX studying 
in Govemnent Girls Higher Secondary School, Rajendranagar of the city of Indore? 
The experiment was conducted during 198S-86 academic session. At the beginning 
of the academic year, students were given orientation regarding the instructional 
procedures to be adopted for teaching physics. They were infonaed that these 
procedures constituted the regular instructional work in the school and that 
the assessment would be done on the basis of their perfoimance on criterion 
test given at the end of each unit. The e3q>erinent continued for seventy working 
days at the rate of fortyf ive miwjtes. 

The effectiveness of the instnzcUonai strategy as a whole was studieu in terms 
of achievement of students on criterior tests given at the end of each unit. 
The overall achievement of students was coqputed by averaging their scores on 
five criterion tests. The overall achievement reflected the overall effective- 
ness of instructional strategy. The data were analysed by coBouting mean, 
given in Tabiri^' Coefficient of variation and percentiles. The results are 

Table: 1 Mean, Coefficient of variation and percentiles 
( Figures are in percent ) 

IWIT I IfilT II IWIT III UNIT IV UNIT V OVERAa 

ACHIEVDCNT 



Mfan 60.50 91.10 77.87 69.25 70.00 71.38 

S ^-^^ 5.55 6.02 6.58 7.06 5 90 

^ 9-67 6.09 7.73 9.50 10.08 8 27 



P90 
P80 
P75 
P70 
P60 
P50 
P40 
P30 
P25 
P20 
PIO 



75.82 
72.07 
70.00 
63.32 
64.57 
60.82 
57.07 
53.32 
51.45 
47.67 
39.62 



99.40 
95.08 
92.94 
90.80 
86.78 
82.75 
78.75 
73.13 
70.31 
67.50 
60.00 



96.82 
92.40 
90,17 
88.07 
84.?5 
80.40 
76.57 
70.40 
67.20 
64.02 
54.57 



93.44 
85.62 
80.46 
77.81 
72.91 
68.75 
64.58 
59.90 
57.52 
55.07 
48.12 



88.50 
85.55 
84.05 
82.55 
79.37 
76.57 
66.75 
58.90 
55.52 
52.17 
44.62 



91.60 
85.35 
82.95 
80.53 
75.78 
71.56 
67.34. 
62.98 
60.38 
57.78 
52.60 
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Ftoi Table 1, it is evident that wtm perfonnance on all criterion tests as well 
<w overall is above 60 percent. The coefficient of variation (CV) for different 
twits and overall ranged from 6 to 10 percent. This is quite low. It indicates 
that the varia-^ions within the groiq> is low. All students seea to be benefitted 
through instiu.^ional strategy. In other words, the instnsctional strategy has 
accowited for individual differences. 

I\)irther» 90 percent of students secured above 5S percent narks in all the tests » 
^ch is pass level z^x the usual school examination. Except on unit I, 60 percent 
of students scored above 60 percent nark which is considered as perfonuance with 
first division. On the whole 40 percent of students seaired above 7S percent 
■atks which is generally considered as perdoxmance with distinction in the usual 
school ex«dnation» 

Reaction Towards the Instructional Strategy 

The feasibility of any instrxictional stratesy would be detemined by the extent 
to which it is received favourably by the students. This aspect of the effective- 
ness of the developed instructional strategy was studied by obtaining reactions 
fron the learners. The reactiop^ of learners towards various components of the 
strategy were studied with th^ help of a questionnaire designed for the purpose, 
the eight aspects of the component of Progranmed Learning Material were : simple 
language of written material , reading naf^rial at your own speed, writing answer 
at each frame, comparing answer with cor ect answer, presentation of content in 
logical sequence, division of content in appropriate frarnes, review frames at 
the end of the concept, and including examples from the daily life. Experiiaent 
vas another iistructional component. The aspects included in questionnaire were : 
doing practical s at proper time, to acquaint with the apparatus , verifications 
of facts 0 curiosity to get correct answers and its integration with PLM. Use of 
hints in assignments, use of learnt knowledge in daily life, requiring reasoning 
on part of students, to test the gained knowledge, to test the applicability of 
.gained knowledge, and integration of assignment with PLM and experiment were the 
aspects of Assignovent-an instructional coq>onent. The various aspects of 
Discussion were : clarifying doubts, discussion on main points, knowing others 
view, reacting to others view, and integration of discussion with PLM, experiment 
and assignment. Test given at the end, including objective type questions, to 

fet an opportunity to express yourself, including numerical problems, and 
ntegration of criterion test with PLM, experiment, assignment, and discussion 
vcre the aspects of criterion test- a component of strategy. Lastly, discussion 
of perfonnance on criterion test had four aspects, namely, to acquaint with ones 
nistake, discussion of perfonnance on criterion test. Clarifying doubts, and its 
integration with PLM, experiment, assignment, discussion and criterion test. For 
each aspect students were to give their response under four categories, such as, 
helped very much, helped to some extent, did not help such, and did not help at 
all. About 95 percent of students expressed that every component of instructional 
strategy and their integration helped then in learning. This reflects upon the 
effectiveness of instnictional consents and instructional strategy as a whole. 

Additional Validity Data 

The overall performance of students studying through the developed instructional 
strategy was conpared with those studying through Traditional method when both 
the jjroqps were matched on intelligence through statistical technique. As 
mentioned under field tryout, fifty-four students of standard IX studying in 
Govemitent Girls Higher Secondary School, Rajendranagar of the city of Indore 
f^vere taught five xmits of physics through the develc^ed instructional strategy. 
;The same topics were taught through Tradition Method to fifty-five students of 
/Standard IX studying in Govenanent Girls Higher Secondary School, Nehru Nagar of 
the city of Indore. These schools were separated by a distance of approximately 
20 kns» So there was no conta&dnation due to interaction among students and 
teachers. Both groups were administered the same criterion test at the end of 
— 1> average perfomance of each student was computed. Groqp Intelligence 
^qY^ veloped by fchta (1970) was used for measuring intelligcjice. The split- 
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half reliability of this test was 0.879. The data were analysed through the use 
of analysis of covariance (ANOOVA) when intelligence was taken as covariate. The 
results are givjn in Table 2. 

Table 2 : Sunnary of ANOOVA for overall perfonaance by taking Intelligence 
as Covariate 



Source of 
Variation 


dj 


ss 


MSS 

y.x 


F 

y.x 


Treatment 


1 


5360.19 


5360.19 


334. 80" 


Error 


100 


1600.83 


16.01 




Total 


101 









Significant above 0.01 level 



From Table 2, it is evident that F-value for treatment is 334.80 which is signi- 
ficant at 0.01 level with df equal to 1/100. It shows that the adjusted mean 
overall perfonnance scores of students taught through developed instiuctional 
strategy are significantly different from those taught through Traditional Method. 
The adjusted mean overall perfonnance scores of students tau^it through instruct- 
ional strategy (29.40) was significantly higher than those who were taught through 
the Traditional hfethod (13.68). This indicates that the instructional strategy 
was significantly superior to the Traditional Method. 

Development of Higher Ability in Science 

The effectiveness of instructional strategy was studied in teras of development 
of higher mental ability in science. As mentioned before, the students of 
Government Girls Higher Secondary School, Rajendranagar were taught through the 
instructional strategy and those of Govemraent Girls Higher Secondar, School, 
Nehru Nagar were taught through the Traditional Method. At the end of fifth unit, 
both groups were adrinistered Test of Higher Mental Ability in Science developed 
by Joshi (1986) for assessing higher mental ability in science. The test con- 
sisted of items which measured application, analysis, synthesis and evaluation 
aspects of cognitive domain. The test-retest reliability coefficient was 0.50. 
The data were ana:ysed by using analysis of covariance where intelligence was 
taken as covariate. The results are given in Table 3. 



Table 3 : Sunnary of ANOOVA for Scores of Higher Mental Ability in Science 
by taking intelligence as Covariate 



Source of 
Variation 






MSS 
y.x 


F 

y.x. 


Treatment 


1 


501.47 


501.47 


35.95** 


Error 


91 


1269.52 


13.95 




Total 


92 









Significant at 0.01 level 



From Table 3, it is evident tr^t F-value of 35.95 is significant at O.O: level 
with df equal to 1/91. It shows that the adjusted mean scores of higher mental 
ability in science of students taught through instructional strategy are 
significantly different from tliose taught through Traditional Method when 
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intelligence was taken as covariate. This reflects that treatment produced 
differential effects on the development of higher mental ability in science. The 
adjusted mean score of higher mental ability in science of students taught 
«iroug instructional strategy (14. SI) was significantly higher than those taught 
throu^ Traditional Method (9.78). Thus, instructional strategy could help in the 
development of higher mental ability in science. Hence instructional strategy 
-could be considered as effective. 

4* CLASSROGH DffBGnxnCM 

In the present study an Instructional Strategy (IS) was developed for teaching 
physics - a branch of science. The IS coin)rised of coB|>onents like programnrd 
learning material (PIM), assignment, experiments, discussion, criterion test, 
and discussion of performance on criterion test. The developed IS can be easily 
iH)lejnented in the classroom because material for each cooiKment was scientifi- 
cally developed and is available for use. The PLM is available and it can be 
translated in any 1 iguage. The effectiveness of pLM has been established. The 
PLM can be read by students independently. Each student can read it at his own 
pace. The assignments have been given at appropriate places in the PIM. These 
are well spelt out. The ccopletion of assignments requires the basic knowledge 
of the content which students get through PLM. Students have to do the assign- 
ments before proceeding further. The experiments to be performed are also 
mentioned in the PLM. The students can do the experiments individually and also 
in group. They can take help of the teacher but this activity is con9)letely 
dominated by students. Through all these activities students might understand 
the concepts or informations clearly and, also, may have some doubts. For 
clarification of doubts the discussion has to be arranged. It can be arranged 
on demand from the students or at the end of the unit. During discussion session 
students should be given an opportunity to express their views. It is here they 
will be able to get opportunity to develop tolerance for ambiguity, judgement 
ability, expression power etc. The teacher can ask questions where abilities 
like analysis, sythesis and evaluation can be manifested. To know the degree 
of learning that has taken place, the criterion tests were also developed for 
each unit. Whenever the student conplets the unit, the criterion test can be 
administered. The model answers are also available. It reduces subjectivity and 
increases objectivity. The analysis of performance on criterion test can reveal 
those concepts or infoimations which are not understood by students. These can 
be clarified through discussion. This process continues for each txnit. The 
guidelines are given clearly so that classroom inplementation is easy. 
For measuring higher mental ability in science, a test of higher mental ability 
lii science was developed and is available for its use in the classroom. In India 
the teacher teaches through lecture method which is not suitable for developing 
iJif^^Iw'^i? ability. The present study has given enpirical results which indi- 
cate that the 1^ can develop higher mental ability in science. This shows the 
need of uplementing the IS in the classroom. 

Thus, the present study can be implemented in the classroom because while 
planning feasibility of its adoption in regular classroom was taken as one of 
the considerations for selecting various conponents of instructional strategy. 

S. THE (JMLm OF LIFE 

Wien science is taught through the Instructional strategy as referred in the p^r 
the quality of life is likely to iiprove. This is because of the following ' 
reasons : ^ 

1. The students are likely to have proper understanding of the subject matter. 
That IS the fundamentals will be clear. It will provide scope for using 'che 
scientific knowledge in day to day life. Secondly, the students will be able 
to ccuprehend the scientific news around them. It will increase the curiosity 
about scientific discoveries. Thirdly, the students will start thinking about 

^ ♦he new vays in which the read priciples, laws and theotifs can be used. 
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2. Mjile studying through the developed Instructional strategy, the hinher 

SSJ^if 'iJS^w-f ^ developed. In other «ord^ the ap^ication, 

SllS ft^t,™ '"^^T abilities get developed. These Abilities 

V^w^ ^! °^ students. The students will be able to 

find solutions to problems and face the vrarld boldly. 

^« '^Sher aental abilities, the developed 

J^I"'?'' ^^^^y ^° P'^^^ tolerance for other's idea, 
v^i^- L ^^^^^'^' °P*^ " critical thinking etc. The human 

'^^ I*°Pl^ the said qualities 

-i d demand. These days majority of problems within a country as well 
^r^S '^'^i"^? ""^^ t° l^cl^ °f cooperation, tolertn^Hf^dlLretc. 
Inman beings will be used for scientific and econceic developnents . 

** IllerXnal.r'TrK""" "^'^ i^^ortant. Many a time a person knows 

rf Surest ^cSndrf PPf^^'^'^e?""?- Due t° this he sneets failure instead 
It creates ■n™h?2fl^'TJ*'^ comnunication gaps many arise due to poor expression, 
Tn<:^J^rJfLSr ■ " ^^®^°P misunderstanding. In the developed 

SJp^nT^f e^^^^^^^^^ - ^ c«^-nt whicThelps 

^* I^r,J!^f .^f ^IlL!"?'" °^ competition. Each student is aware of it. 
S?r^h^?n ^ coopetition, every student tries to develop those abilities 
Jjinn 8f S"^^^^^- ^e developed Instructional strategy can 

equip the students to face conpetition boldly and get success. This is 
because the previously mentioned abilities get devSlcped. BesidS he 
develops self-study habit, an ability to work systematically! etc 



6. CONCLUSION 



The developed instructional strategy was found effective in terms of achievement 
^ a S "^"r ^^"^ instructional con^nents S SJy 

T?aditioi!i S^i^^'JnJfJi?'""^^/^ significantlfsuperior to ^ 
ii^i if^- , intelligence of students was controlled ttrojgh statis- 
eff^tivf?n'^!:»^"^V?*'e i""™=tional strategy was significanUy^re 
tS i^ti^^^°?n?!i?-^^'' "^"'^^ ability in science aT coopared to Tradi- 
tional Method vrfien intelligence was controlled statistically. 
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TEACHER PREPARATION FOR EDUCATING CHILDREN IN 
ENVIRONMENTAL SCIENCE 



M.K. Srivastava (Indien) 



1. iNnmJcnoN 

It can be derived on the basis of observation and experiments that Science 
zs an objective knowledge and understanding of the Natural world. It pervades 
our intellectual and material environment, therefore learning Science through 
environment has become the felt need of the society. 

Eversince his birth a child curiously interacts with his environmeiit, both 
external and internal. His external environment conpi'ises of existing living 
and non-living things. The mutual interaction between them influence his 
living. Likewise his internal environment is associated to his "self*. This 
is also influenced by the external stimulus given to him. 

Whenever a child is exposed to external stimulus, the following metabolic 
chain is established in his body system. 

External stimuli > Intemal stimuli > 

Internal response > External response. 

He therefore tries to explore the cause and effect relation, by collecting 
infonnations and analysing them till his quest is fulfilled. 

Illustration 

i) Do you know what motivated Mohaianad Gazni to attack India seventh time 
inspite of his six successive defeats ? 

'*He observed that inspite of six successive failures a struggling spider 
could web the net seventh time." 

ii) How a small number of ants drag many tiroes heavy dead insect ? 

"They combine to fom a restQtant force more than the weight of the 
dead insect." 



2. NEED FOR TEACHER TRAINING 

In historical perspective the strategy of teaching Science has changed with 
tines. In nineteenth century the basic principles of Science were taught 
through religion as at that time society had more faith in religion. 

Illustration 
Science concept - 

•*Black bodies are good absorbers and emitter of heat radiations." 
It wus taught like - 

Boys - You must have black heart as that can absorb all the virtues. 
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In early twentieth century the Science was taught in authoritative way as 
the society was governed by Kings/Enj^rors. 

Illustration 

Papa, you ask we to xub a canb with dry hair and then bring it nt-r paper 
bits. The pa5>er bits get attracted. 

But why ? I am doing so because you are asking me to do so. 

In nodexn times a nunober of problems have creep iq), which are spoiling the 
balance of nature. Pollution - air, water and no^se, population growth de- 
generation in socio-econcTiic values and energ:^ shortage etc. are a few examples 
which are influencing the living of mau. 

The child being part and parcel of this environment has to know it fully 
to live in it peacefully. The role of teacher will be to guide the child 
in judicious exploitation, use and preservation of his external environment 
and to help him in developing the "self of ind'.vidual child. 

3. OBJECTIVES OF TINNING PROGRANfE 

The training progrannsne was evolved around the following specific objectives, 
so that a teacher can guide the child in sensing his problem and then solving 
it of ' own. 

1 . To develop a new attitude in teachers towards environmental problems 
and to encourage them to participat-e in their solutions. 

2. To develop instructions from the point of view of learning rather than 



3. To enquire into new teaching methods and develop his own method accord- 



4. To develop a new interdisciplinary approach to learning process. 
4. TOE SAMPLE 

A groiq) of 452 key persons from training colleges/basic training institutes 
was indentified and trained to disseminate the philosophy of this programne 
in 1,20,000 primary school teachers working in tribal, rural and urban areas 
of the vast state of Madhya Pradesh. 

A. Developing instructional material 

In general teachers face the problem of non-availability of instructional 
material on rq?idly growing scientific knowledge (Joyce). Therefore a con- 
centric effort was made to develop the following package as pre-requisite 
for training. 

1. TWo volumes of teacher's guides for classes 1 to 5. 

2. A set of thirty Flash Cards. 



teaching. 



ingly. 
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3. Slides and ts^ progrannes on - 
Story of ft Village, 
SiJflple Machine » 

Ifcitrition and '"'nrironHiental Sanitation etc. 

To generate, field test mid edit this instiuctiom?! material, a group of 
xorty persons, majority of them Primary School Teachers, worked continuously 
for (M Year. Special features of this material are: 

1. To keep teachers guide handy each scientific idea is developed on two 
column basis 

(a) Activity - With a heading representing mode of presentation like 
field trip, observation, dramatization etc. 

(b) EvaluatiCTi - With a heading representing type of process skill 
testfeU like classification, prediction, interpretation etc. 



Illustration 



Experimentation - 

Make a paper glider. Fly it in air. Observe the performance of this glider 
and then study the effects of change in shape and size of paper clider. 
on its flight. i- r © » 

B. Awareness with the surroundings 

It is obsen^ed that teachers know the surroundings well, their content well, 
but they are not aware of correlating both of them in developing classroom 
instructions. Therefore this activity is perfomed with following objectives 
m view - ^ J 

Objectives 

i) To investigate the awareness of teachers with surroundings. 

ii) To help them in developing r^)port with the surroundings. 

iii) To infuse ia them the idea of diversity of nature. 




Illustration 



Use of following exaaples to learn about simple machines - 

i) Household ^pliances like Scissors, Balance etc. (Lever type) 

ii) T^jpering of roots (wedge type). 

iii) Coil type movement of creepers (screw law). 
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2. How many scientific principles can be learned through physical events 
h^jpening xn the surroundings ? y ^ 

Illustration 

(kit participant observed the sounds around us - 

i) Singing birds. 

ii) Chattering of ladies. 

iii) Blowing of siren etc. 

I^dness^ ^ ^" learning characteristics of sound - pitch quality and 
C. Developing indigenous learning model 

Each teacher is unique to hiciself. Kis assimilavion of knowledge, creativity 
and Idealism is reflected in his classroom instructions. Therefore this 
activity is performed with following objectives in view - 

Objectives 

i) To develop in participants the habu of evaluating available materials 
and then collecting his own material for teaching. 

ii) To enable them to use various modes of presentation like telline a 
tale, excursion to fields etc, 

iii) To promote mutual exchange of thought between them and then to help 
him m evolving indigenous model of teaching. 

To practice teach is to learn and learn is to do, each participant is asked 
to develop material on a Science concept and then to present it before the 
Children. The peer participants observe the presentation and later on partici- 
pate in discussions. Such discussions help in inpri .^ing the material and 
thereby in stimulating teacher to make his presentation more effective. 

5. IMPACT OF miNING 

The training programme was woven around the following model : 



learner 



ObJectivAt 

11 



Iraaxiiing 



Testing 





Learning 




Process 



r 



Poedbacic 



Hetesting 

I 
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Wien teachers were evaluated, most of them revealed positive attitude for 
such type of training. They did not hesitate to tell that for the first 
tune they were given opportunity to show their talent. They view that they 
have to design and manage learning based on the local needs, matching with 
their pace of teaching and relevant to the real life situations. 

Educational System in India 

The various stages of educational systems and corresponding age of entry 
of child in our country are as under: 

Stages Age of Admission 

rrinary S+ 
Secondary lO"*" 



This study was perfonned to cater the needs of teachers and children of 
primary schools. Main focus of the study was on use of environment and local 
resources in learning Science. 



Autobiographical note 

I aaM.Sc. (Physics), Ph.D.(Solid State Physics). 
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I have written text-books, worV-books, teachers' guides in General Science 
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MISCOKCEPTIONS IN SCIENCE AMONGST NIGERIAN SCIENCE 
TEACHERS AND STUDENTS 



Catherine 0. Ameh ( Nigeria ) 

ABSTKACT 

Thi» rssatrch starts with th« mim of flndiny ths csusss of poor 
psrformancs in scisncs amongst Nigarian studants. Soma Higsrian rasaarch« 
«rs hava sttributad tha i>oor parformca and tha daclining anrolmant 
in scianca (aspacislly physical scianca). to tha inharant. difficulty 
of physics; scianca, to tha scarcity of qualifiad tsachars, and to a 
lack of prewar undsrstanding of concepts in Scianca. This rasaarch rsport 
ravaals Scianca taachars* siisconcsptions in Scianca. Scianca tcachsrs' 
conctpts in soma salactad scianca concapts sra found to ba not significantly 
suparior to thair studants. 



ZKTRODUCTION 

Thar a is an obvious concnrn for improving taaching and learning 
of Scianca in Nigerian schools, as evidenced by tht» numerous curriculum 
pro^scts dsveloped since Independence in 1960. But the nation is far 
fr;:m achieving her elms and objectives in science education. 

Developing curriculum materials and projects on e large scale so 
es to outstrip the resources end fecilities that are eveileble for sciancw 
teaching, is not the answer to achieving a nation's aim in science and 
technology (Abdullehi, 1982). Neither is the establishing of universities 
of technology which leek science products from secondary echcole no fill 
them up. As of now, the Science curriculum does not recognise the possible 
influsnca of the child'e early experience that forms the foundation on 
which school learning it to ba built (Adeyinka. 1982 J. However, if curric 
ulum planners end educe tors ars avare of this fact, it is not yrt being 
reflected in the achool science curricule in Nigeria. 

The concepts developed by children formally and incidentftllv an 
they g-ow up and interact with nature aro quite oftrn brought to the 
claaaroor. poorly articulated and inappropriate ' 'icnns of the current 
views of i»cienti»ts. Tnsre in the clasLro'.:!, ^nw^ brought into con- 
flicts with the usual school science of teachers end textbooks (Gunstone 
end W&tte, 1985). Litereture ftxi»te which ehows that these concepts 
developed inridentelly bv childre'? havii iahlbitlng offecte on the acquis- 
ition {rf Scientific nr^ncapts (0«bcm«, 1392 1 Kuasbaum £ Novak, 1982; 
Gunstone 6 W^ite, 19»0< Oebor»o 6 Gilbert, J?79> Edwerds S Preser,1983j. 

Hiw.c .eptione in ecianee hava hew found zo be a&»«ntially universal 
(fc.g. Butts, 19£5^, Xvowi (1984) /ound that IJigerian students have 
wiscorxsptiofln in ^hy^iio which eto widscpread, sou^hly tJw lar^ way 
ae ii cithr- tfounti'ies. a*lai (1950) elso tMinC «ieconciipt:ion% in science 
to be i^re veiled amon^: . ^outn African ^cudants. 

It has b«:«n argusd th^t the development of altart-ativ^ vi/tvs of 
acience concepte cen eomstimee oe helped rethsr than hindered ^« teachers 
(Helm, 1980j Ivo^i, 1983), and by cultural beliefs {M^/ink^ 1982). 
Culturel belief e cen ba particule-ly eignificftnt in e mT^eetCii. ?ulturi* 
e3ch es Nigeria. Adeyinka (1982) found that pmu unde^grer'ueta etudonts 
in Nigeria poeeessad ^ubatan^iel knowledge ebout eelacted phenomene but 
their knowledge we» iiiC irfarad with by their concepte of the supemeturu:. 
Soma of theee ba found depended ebsolutely on tha eupam^tural rather 
O the aciautific to anawer acience questions. ^ ^ 
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Zn •ddition to cultural •ffucts, Zvowi (1963) has attributad tha 
poor p«r£onMnc« and th« doclining anroljBant in scianca in th« Wast African 
School Cartificata Cxaaination (HASC) to thraa factors > tha inharant 
difficulty of scianca« aspacially physical sciancai a scarcity of qualifiad 
taacharsi a lack of propsr undarstanding of scianca concapts. Most 
rasaarch on concapts has focusad on ^studsnts (Osborna« 1982 i Oaborna 
( Gilbart* 19791 Cunstona S Whita« 19801 Haln« 1980K Although thara 
Many studiaa on taachar affact and studant gain« »oat of thasa hava 
not diractly invaatigatad taachar knowladga and idaas* 

jr 

Vacant atudiaa hava baan conductad that shov also that scianca taachara* 
concapts ara of tan not auparior to thosa of tha studant thay taach (Amah 
( Gunstona« 1985| AMh« 1986a, 1966bi A»ah ( Cunstona* 1986a« 1986b). 

Zt ia avidant that taachars ara tha most fundaaantal ingradiants 
in tha guidanca of atudants. Thay can halp atudants to changa thair 
naiva concapts to sciantific concapts in order to facilitata laarning* 
but this will bo a difficult task if tha taachars thansalvas do not hava 
concapts superior to tha students thay teach. 

This peper reports e probe of science teachere* concepts in science 
in Nigeria and the discrepencias between the teachers end the students • 
Two concepta (believed to be the ereas where students have the most naiva 
idaes) ere reported heret Force, and Electric Current. 



THE ZHSTHUHENT 

A concept test was derived from the New reeland Learning in Scianca 
Project. A pencil end pepsr test wes then edtainistered to e totel of 
two hundred and fifty-one secondary school teechers« end subsequently 
followed by en interview. A total of forty-seven students were elso 
interviewed* 

Zn the New Zealand project* Zntarview-About-Znstanca end Znterview- 
About-E\*ents procedures (developed by Osborne 4 Gilbert, 1979) were acnployed. 
This study has aoployed t*^L» eame quelitetive epproach to exploring concepts. 

TH£ SAMPLE 



1) Taachara 

Two hundred and fifty^^ooa teachers wrote the test* One hundrad 
end forty bad a Netionel Certificate in Education (MCE) (a eertificete 
obtained three years after *0* level in e College of Educetion)i eeventy- 
nine bad a Bachelor of Science Monors dagiaa (S$C)i seven taan had a 
National Cartificete in Education as wall as e tachelor dagraa (NCE/ISC) 
and fifteen had a bachelor *e degree es wall as e poat-greduata Oiplo«a 
in Education (PGDE)* 
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TABLE 1 

SMpM *^opulAtlon Of Tt«ch«rs 



QUALXrxCATXOM 


tec 


BSC 


NCE/BSC 


PDGC 




140 


79 


17 


15 



2) Stud«nt» 

tht Mwll MspU of stxidcnts lnt«rvl«vttd v«r« s«locr«d fron thm cImm—u 
of MM of th« t««ch«rs participAtlng in thm study. 

TABLE 2 

Soopltd PopuUtioa of Studtnta 



FORM 


NUHTCR OF SCHOOLS 


mWBER OF STUDENTS 


3 


3 


24 


4 


2 


10 


S 


2 


13 


TOTAL 


7 


47 



KCSULTS 

The results sre tresttd seperstsly for ssch of the concspts (Force 
«Ad Electric Current) • 

COHCCPT OF TORCE" 

For this concept two questions were esked. The first of these is in 
Multiple choice for* end the second is open-ended. The fimt question 
involves A bell thrown verticwlly up in the eir. Respondents were asked 
to choose between **up**f "down** end "xero** for the force on the bell in 
Mdt section of its BOtion: on the; wey up^ et the top of its peth, on the 
vAy down* 

TABLE 3 

SuBfASxy of Responses to Force on & Bell in Flight 

RESPONSES (force OO bell on wey KUMBER RESPONOmC 

VQ, at top of pethr on wey down) TEACHERS (N-241) STUDE**rS (N-47) 

*Oownr downf down 16 (6.37) 3 (A. 38) 

V^t Ztot down 128 (SO. 99) 22 (<16.80) 

Downf zeror down 9 (3.S8) 7 (14.89) 

ppi downf down 24 (9.S6) 6 (12.76) 

Vpt UPf down 23 (9.16) 

Others 27 (10.7S) 8 (17.02) 



^P^^ • conwct reeponse 



SAO 
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Both Uftdim aad students 90t low p«rctnt«9€s in tht corrsct rsspcnsc and 
high p«rc«itS9«s in **up**) "zsro") "down** rssponsts. Hos<t tsschtrs and 
studsnts b«lltv9 th«t when th« hsU is going up, ths fores is upwards* 
A ssall but rsprsssatativs sslsctioo from ths intsrvitvs illustrstss ths 
Mrs rr— on rsssoniag ussd. 



imsn th« ball is on its vsy up« ths fores on it 
is upwards, bscauss it's going against gravity,- 
and for it to bs going against gravity, it Mans 
that tbara is a fares pushing it upwards. (Ttachsrs) 

Hhsn ths ball is going up, it is undsrgoing nsga- 

tivs grarity, bscauss you ars adding aors fores 

to ths ball so that it will 90 up. (Studsnt, Fora 5) 

Bscauss if a s>srson throws a ball up, ths prsssurs 

sxsrttd by ths parson puthss ths ball up. (student. Form 4.3) 



When ths ball gets to ths top of its path, a aiajority of tsachsrs and 
studsnts said ths fores is **2sro'*« 



Whsn ths ball rsachss its height, thsza bscooHtts 
a point whsri) ths velocity is squal to xoro « « . 
it Mans at that point, that ths fores whieh 
was propelling it up and ths fores of gravity 
pulling it doMn nsutraXize eaeh other, they 
equalise at that point, the foree is sero 
beeause the velocity is xero. (Teachers) 

• there won't be any force, it*s at rs'st at 
that point. (Student, Fom 5) 

Mo Mtioo, no foree. (Student, fom 3) 

Force is scto because it is no »ors Mving 
upwards or downwards. (Student, Fora 5) 

• bscauss the ball has reached a neutral 



A aajorify of respondents (both teadMrs and studsnts) saxu ths force of 
gravity is pulling on the ball only when it is coning down. 

Zn the second g^stion, respondents were asked whether or not there 
is A fores acting on a bicycls when it is slowing down, no pedalling 
end no bralces. Heasons for the answers were also asked for* 



point. (Student, For» 3) 



TKBI4B 4 



Sueury of Mf*^ses to Force on a Bicycle 



BtSFOMSCS 



maoMs :>25i) stuooits km? 



No 
• Yes 



49 (19.52) 
192 (76.49) 



21 (44.66) 

26 (55.31) 



• Correct rss(«nse ^* 




lULthottgh A high^ p«rc*nU9* in both cams h«v« IndlcAttd thAt th«r« 
is A forc« on thm blcyclA, only about twenty p«r ctnt of th« taaciMrs 99v 
i^ppro^iAtA AJiplAnAtioaAf lik% frlctlonAl And grAVltAtlonAl forc«t* rtf 
otbAT sljcty-tix ptr e^nt or so gAv« sxplAnAtlonA judgvd to b« inApproprl* 
AtA* XUcA iaitlAl forcA ttiU prtMnt, forcA of rAtArdAtioo (not tpAcl- 
fiAd)» ttnifon» ACCAlATAtlon^forcA AXAirt^ by rldAr And otbAi oonfusAd 

VA^pCAAAt* 

Out of thA tMeatytix st»dAntA vho iadicAtAd thAt thAra Is a forcA 
on thA bikA* ftlx 9AV« AppropriAtA raspooAAi* ihA r«tpon»AA cmm txom 
t&ar rocB FlvA studAntA (two vAntionad grAvltAtlonAl forcA, ooa Motion* 
Ad frlctiOAAl f orot t4iilA thA fourth » n tlonAd both f rlctlonAl And gtAV- 
itAtioAAl forcAA) • Oba Toot fouT ttudAnt wAntlontd 9tATltAtionAl forcA 
And ODA ron thrAA st«»dAnt sAntiooAd f rlctlonAl forcA* 



ooNcm or *nxcmc amMarr** 

FlvA aultlplA diolcA quttttloos on Altctrlc currAOt wtrA ylvAn to 
rAApondAntt* TtirAA of th«tA AXplortd IdAAS About currAnt in dif farAnt 
titUAtlont (thrAA bAtterlst in MrlAtj An InconplAtA circuit} And An 
uncooAACtAd CAT bAttAry) • ThA rAMlnin? tvo q^iwttloot «za a pAir focuA- 
inq on thA MgnitudA And dlxAC ^on of cxirrtnt in a tlaiplA circuit* 



TABLE 5 

SuH&try of lUlAtivA KAgnltudAt of Currtnt in 3 BAttArlAt in 
SArlAt in A riAthllyht 



% SAKPIZ IN ZACH OPTION 

OPTIONS 

TtAchArt StudAntA 



A 


Mo.l (furthArAtt fro« bulb) has nott 
cuzxAnt 


5 


(1*99) 


2 


(4*25) 


B 


Wo*2 (niddlA) 


3 


(1.19) 


1 


(2*12) 


C 


Mo*3 (nAATAtt to thA bulb) has aott 

CUTTAnt 


41 


(16.33) 


12 


(25.53) 


0 


Mo.X And 3 hava man current than 


9 


(5*S7> 


4 


(6«51) 




II0.2 








(59«57) 


•« 


All havA thA MM currAnt 


166 


(66*93) 


28 



* OorrAct rasponsA 



TtMirA is A high ptrcAntagA of MiaconcAption (Option C) jaongst tAachars 
and studAnta in thia quAttion* Explanationa givtn by taadiara ara 
sixilar to thoaa givan by atudtnta* 

Vo*3 vill hava tha aott currant bAcauaa it la 
vary aaar to tha btslb* (TAAchar) 

Mo*3 will hava tha aoat currant bacauaa thArA 
ia wmmKit of currant diractAd tovarda tha 
and of thA torch* thAy viU AccuwilAtA in 
llo«3* (TAAChAr) 

o 
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Ho. 3 will hav« tb« wott current because it is 
closer to the light bulb« (Fomi 4 student) 

II0.3 will h4ve aore current because it is 
nearer to the bulb, it wlU collect all the 
others. (Pora 5 student) 

II0.3 will have aore current because it is the 
one that is in contact with the bulo and it 
will need greater current to put on the Ught. 
(Pom 5 student) 

No.3 vill have aore current because it is the 
next oaa tc the torch bulb. (Form 3 student) 



TABLE 6 

Is There Current in an E&pty Light Sodcet? 
SUMMARY or ELECTRIC CURRENT IN AN EMPTY LIGHT SOCKET 



OPTIONS 



*A No, because there can't l^e a 

current flowing 
B Yesr because if you touch it you 

g^t a shock 
C Yesr because if you put a bulb 

there it %/ould glow 
D Yes# because the current would 

be going out from the prongs 



% SAMPLE IN EACH OPTION 



Teacher 



student 



30 (11.95) 16 (34.04) 

80 (31.87) 6 (12.76) 

87 (34.66) 16 (34.04) 

34 (13.54) 9 (19.14) 



* Correct option 



A greater percentage of studsnts (34.04) as against teachers (11.95) 
selected the correct option. Thjiy have also given appropriate explana- 
tions. 

Mo because there can*t be a current flowing 
because the bulb has been reaoved. (Fora 4 student) 

No because the bulb connects the circttit and 
if the bulb is rtaoved, it aeans the circuit 
is cut and there will be no electric current 
passing through. (Fora 5 student) 

No because there is no bulb. (Pora 3 student) 

The very low percentage of teachers who said there is no current recognise 
the presence of the bulb as ooapleting the circuit. 

Oice the bulb is roaoved, there is a bres)c in 
the "circuit. (Teachers) 
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rASLZ 7 

Siiiny of Current in an Uncotmected Car Battery 





KESP0N5ES 


% or SAMPLE 


IN EACH OPTION 






Teachers 


Studente 


♦A 


HO 


78 (31.07) 


34 (72*34) 


B 


Ye* 


121 (48.20) 


13 (27*65) 


• 


Correct reeponst 







A9ain« there at a greater percentage of students (72*34) than teachers 
b«U«(ving that a charged car battery is a source of potential energy. 



Table 8 presents data fros two questions - a pair focusing on the 
Magnitude and diroctiou of current in a sixple circuit. The circuit 
presented involved a hattery connected correctly with a torch bulb. The 
tMO connecting wires were labelled A and B* with the direction of cur- 
rent shown in wire A* The first of the two questions as)ced about the 
sMgnitude of the current in wire B. 



TABLE 8 

Suanary of Magnitude and Direction of Current in a Sia^le Circuit 





OPTIONS 


% SAMPLE IN EACH OPTION 






Teachers 


Students 


A 


No current in wire B 


31 (12.35) 


6 (12.76) 


B 


Current in wire B, but less than in A 


43 (17.13) 


14 (29.78) 


♦C 


Current in wire B* same as in A 


151 (60*15) 


24 (51.06) 


D 


Current in wire B# sore than in A 


6 (2.39) 


3 (6.38) 



* Correct response 

The second question asked about the direction of current in wire B. 



TABLE 9 

Susnary of Relative Direction of Current in the TWo wires of a Sisple 

Circuit 





OPTIONS 


% SAMPLE IN EACH OPTION 
Teachers Students 


A 
B 

♦C 


No current in wire B 

Current in opposite direction to wire A 

Current in the same direction as wire A 


27 (10.75) 5 (10.63) 
83 (33.06) 28 (59.57) 
118 (47.01) 14 (29.78) 


• 


Correct response 





FroB the two tables above* it is possible to infer tihich of the four 
aiodels of electric current described by Osborne (1980) is being used 
by both teachers and students. 

TABLE 10 

Models of Electric Current Used by Teachers and students 



% SAMPLE IN EACH MODEL 
Teachers Students 



*A Equal current 151 (60.15) 24 (51.06) 

•fB CUshing current 80 (33*06) 28 (59.57) 

C Oiainishing current 43 (17*13) 14 (29*78) 

P Extinct current U (12.35) 6 (12.76) 

* Correct response 

4- It is possible to have equal current ttodel in the first part of the 
Q questioQ and clashing current aodel in the second part. 

.EBJC 
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Discussion 

ThM«. findings h«v« shovn hov common some misconceptions in science 
•re -Wimgst tMch«rs «od students in Nigeria. From the pattern of responses 
in ell the questions, the misconceptions do not depend on qualifications. 
Both teachers and students exhibit the same pattern of misconceptions 
vith perhaps a few percentages higher or lower for the teachers. Often 
the only difference between the responses obtained from teachers in this 
study and the widely reported student responses is that the teechers 
have used more eophisticated language to describe the same misconception. 
The pattern of response in Table 3 and Table 10 complemtnts Osborne & 
Freyberg (1985). They identified two prevailing views of force, the 
Newtonian view (down; down; down) and the non^Newtonisn view (up. zero; 
down) (se* Table 3>. 

Force and Electric Current are concepts that have been studied widely 
in student* (Osborne. 1961; Osborne & Gilbert. 1980; Fredette & Lochhead. 
I960}. They found that students have misconceptions in these concepts 
and have subsequently urged science teachers to probe students* under** 
standing before any formal teaching. The present finding shows that 
teachers are often not superior to the students they teach with reference 
to ccience concepts. It is no wonder that Nigerian cience stuc'ents 
seem to show e 'downward trend* in science exaainat..Oi.s. in spite of 
the effort by th9 government to improve and provide fccilities* It may 
well be that aoophasis is placed in the wrong direction. 

IMPLICATIONS 

In thix paper, a spectrum of misconceptions of science teachers 
have been identified. Each of these can hinder the effectiveness of 
science teaching end learning. There are some important implications 
of these misconceptions. Nhat is the relevance of these to science and 
technological education and the quality of life? 

The first etep is for science educators to be aware of the existence 
of misconceptions in teachers in ccience. Teachers* misconceptions mean 
that teachers may be perpetuating the same misconceptions in students* 
This means that Scieaca eiSucation is not achieving its aims fo^ scientific 
4nd technological litar^^y. Teachers csnrot teach science effectively 
if they have the same misconceptions ss the students they teach. Teacher 
visconc^tions have effects beyond the confines of the science clsssrooro. 
that is. the impact on future careers, and the potential impact of the 
(future) products of scientific and technological resssrch on careers. 
It ie iticonceivable that individuals can *fit* into the everyday life 
situations in relation to the use of technology in a technological world 
if they have concepts which differ from the views held by scientists. 

It ie suggested that investigation be made into the extent, diversity 
and iources of misconceptions in science of science teachers all over 
the world with the eim of re*avaluating teacher education and increasing 
the level of science teacher competence. Teachers* misconceptions might 
mean looking for better materials and curriculum packages, rather, a 
mora interectiva way of teaching - learning is suggested because most 
taxtbooks present one way conmunication. 
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Sscondly, stsps chould b« taken to remedy existing misconceptions 
end avoid Misconceptions in science teaching and learning if the quality 
of science education is to improve. Improving the quality of training 
or preparation of Science teacher! can help in minimising misconceptions 
in teachers. 

Thirdly, e more efficient and effective way to change teachers* 
misconceptions is not by telling them, rather a test that diagnoses partic- 
ular misconceptions be given to teachers. There is s need to develop 
a concept checklist that can be used by both teachers and studeris who 
have particular misconceptions. Science education aims to facilitate 
a better sense of the world of an individual by helping them to live 
effectively and improve the quality of life. Science learning ought 
to lead to a generative view (Osborne & Freyberg, 1985) in the science 
classroom and outside. Children's ideas are influenced by science teaching. 
The role of the teacher in preparing the future citizen scientifically 
is a crucial one. 

Fourthly, some other strategies which have been used are suggested^ 
fcr instance, helping teachers to becotne aware of their misconceptions 
and learning: prior vi3ws of learning and teaching and above all not 
telling them what the answers are. One attenipt in trying to cope with 
this type of thing is by Gunstone £ North£ield,(1966). Their work underlines 
fundamental similarities in the requirements for achieving conceptual 
change m both students and teachers. For students, the problem is one of 
reconsidering persistent existing views in the light of perceived fruitful* 
ness of science views. For teachers, it is a matter of reconsidering 
existing ideas about learning purposes of education etc., and facilitating 
teaching learning approaches compatible with developing ideas of learning. 
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THE MZGERZAa EDOCATZONAZ. SYSTEM 

Tai •ducttional systta in Nlgtrit is structursd on s six-yssr prijuary 
sdiooUagi thrts y^rs junior s«cond«ryi thrss years senior secondary; and 
four years tertiary education basis (6, 3, 3, 4), 

^ aaidren get to kindergarten or nursery school at the age of two 

^* •ni'y "P^nd two years 

and re«*in there for Six years, Soie children start secondary 
school at the age of twelve. 

th. ytars in the secondary school, students study all 

the subjects: science, uths, arts, coencrcial subjects, vocational and 

JS^s'^^^^* '"^ ^ y-^'^' ^« e^!;^on. 

« y*^*'* depends 

!^t?fL? . ^' ^* •^^^ •^•"^ 9o to gramar schools, vo- 
TOlle^ technical schools, and the less able to teachers* training 

At the end of the senior secondary education (when they are eighteen 
^n^u l^fr*l^^^* take a joint Admission Examination, (joint Admission 
*nd Matriculation examination) . Successful students go into the univer- 
sity for various courses, in most cases, students %iho graduate from 
vocational schools go to Colleges of Education to read for a National 
Certificate in Education (technical) or Polytechnic for either a two-year 
^dinary Diploma or four year Higher Diplocr*. Teachers from the Teachers' 
Training Colleges go to Advanced Teachers* Colleges or Colleges of Edu- 
cation to obtain a National Certificate in Education. 



X started primary school at the age of six in 1960. I moved on to 
the secondary school at the age of twelve and after five years obtained 
a West African School Certificate (WASC) . I spent a year working in 
a biochemistry laboratory as a technical aieietant. Z then went into a 
college of Education, where I studied chemistry and biology as major 
teaching subjects for three years, and obtained a national Certificate 
in Educatiou (iiCE) . I proceeded to the University and obtained a 
Bachelor of Education (Science) . l taught in the high school for orje 
ysar and proceeded to the University to obtain a Master of Education 
degree in Science. 

I gained eaployxient in a University where 1 lectured for three 
y«ars. I then took iip doctoral studies in 1984 at Monash University, 
where I aai curmntly studying. 



94:8 
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ACQOISITIWl OF TEOWOIOGICAL SKILLS THROUGH DEVELOPMENT 
OF BQUIPMEMT FOR EXPERIHENTAL PHISICS LEARNING 

/nr..«.-.o - , Jeannette L. Bascaies 

(CENAMEC Apartado 7S00SS.E1 Marques Caracas 1070. Venezuela) 



Suaniry. 

-m.jL!L."_.''Ii?*? .•'^'11". construction a evaluation of Physics laboratory 

Tl^'*, "«»"P?''«»?' • tcKMns ■odel. Evaluation of this apprwKh is In 
prograts in aoaie trial tchoolt in naracay. Vanazuala. 

The use of the laboratory for teaching science have been a concern of the 
science education comunity for many yesrs. Researchers have been 
investigating the contributions of the laboratory to education in science 
ever since the 30% if not earlier.Despite this long history of investigation 
science ducator are unable to provide a large amount of evidence in support 
Of the contention that laboratory vi^ork should continue in science classes 
oased on its contribution to various aims of science education There is a 
large amount of opinion literature In favor of the use of the laboratory, with 
most of the authors assuming that the necessity of laboratory work )s 
obvious and that what we need to be concerned about is how to improve 
upon what we are already doing(3). 

From the point of view of he discipline, they argue that laboratorv 
activities provide the student with the proper experiences for the 
apreciation of Physics as a human activity while it allows a deeper 
understanding of the studied topics. From the learning point of view it 
already a truism that young people at different stage of pre-formal 
intelectual development requires hand on experiences as a first step for 
description and interpretation of natural phenomena. 

There are critics of the use of the laboratory, both within and outside of 
the science education community. Administrators and teacher from other 
?1h .H " S""^"^^"" laboratory expensive in terms of equipment, 
facilities and teacher and pupil scheduling. Some physics teacher consider 
the laboratory to be a problem in terms of time and effort Involved in 
preparation and maintenance, as well by lack of funds to buy materials when 
the need arise , as well as to replace equipment and supplies and mantain 



333 



One of the major criticism of the laboratory oriented science curricula 
is that they are too heavily dependant on equipment which were imported 
from developed countriesJn the past, increased funds were allocated for 
those purposes but due to spiralling cost, the supply are going to remain 
Inadecuatx? to meet the future demands and expectation of all schools(4). 

On ohe other hand, there is some evidence that secondary school 
teachers do not feel well prepared to seek for alternative ways of doing 
some experiments which requiere specializade units of equipment and their 
schools don't have any workshop in order to develop any equipment at all. 
even those belonging to the low cost equipm'-nt poUcyCS). 

The hard currency scarcity consecuences of the fall in the oil proces has 
made necesary the development in Venezuela of laboratory equipment not 
only for import sustitution, but for the enhancement of technological skills 
in secondary school physics teacher as well. For overcoming these 
difficulties, a project with a grand from the National Council for 
Development of Science and Technology (CONICIT) is In progress. 

The CENAMEC-IDEA projects CIP) 

The National Center for Improvement Science teaching ( CENAMEC) and 
the International Institute for Advanced Studies (IDEA) join together in a 
project for developing physics laboratory equipment taylored to the 
diversified cicle physics curriculum.Since the diversified cicle is the 
academic stream of the serondary school in Venezuela, physics education at 
that level requiere some sophisticated apparatus which can't be sustituled 
for a set o transparencies slides however well produced. 

The objetiveo of the project are the following. 

1. to start the building of laboratory equipment in our country. 

2. to provide the hand on experiences for the physics curriculum at the 
secondary school level. 

3. to promote the laboratory as a resourse for learning physics 

4. to develop tecnological skills in the secondary school physics teacher 

The project have been developed Into two stream: 
Ddevelopment of precision desvice prototypes which might be large 
scale manufactured by national industries . 

iOdesign of low cost equipment to be built, if possible .by teachers in 
school workshops. 
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Develpment of fairly SQPhlqttcatgd apparatus 

The first stream have been followed byamultldlscipllnary team which 
so far, have developed some prototypes In Mechanlcs.optics .electronic, and 
electromagnetlsm. 

Beside to conduct the design, building and evaluation of the prototypes, 
th€ team were used as judges for validation of the technological skills we 
would like to enhance in the physics teacher using either a preservice or 
Inservlce training. 

One of tne most Important feature of the CSNAMECHDEA project is the 
emphasis which have been made upon the testing In trial schools.lt Is 
Importan to learn whether students can handle the apparatus provided. The 
fact that highly qualified physicist o physics teacher finds a piece of 
apparatus convincing Is no reason why much less adept students should be 
eqwally lmpressed.lt is also equally important that apparatus should be 
tested for durability In the hands of students and leads as directly as 
possible to the concept being acquired. Fig 1 shows the project stages: 



Fig 1 about here 



Low cost laboratorv eQuipmcnt 

It Is unlikly that any physics curriculum can be devised so as to 
dispense entirely with Instruments of fairly sophisticated construction 
while at the same time giving pupils a broad Insight Into the subject.The 
second stream of the CIP , related to low cost equipment, was 
Implemented In order to make it, not only adecuate for this purpose, but for 
developing technological skills In physics teaching as well. 



Technologlcall skills. 

Among the skills the experts found apropiate for being developed are 
the following: 

1. understand the operation and use of 'icientlfic apparatus and 
equipment. 

Manufacturer's and supplier's sepeclflcatlon often fall to quote 
essential information such a detail of fuses and other replacement part and 
of types of conector required. For the time being, until an apparatus large 
scale producclon Is settled, we .vill rely on the Imported equipment we al* 
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ready have. Most of the teacher, although knowing kow to use an specific 
apparatus, know very iitle how It operate when It Is a complicate one. 

2. Select and apply known Information, laws and principles to problem 
Involving the making of devises. 

in The CIP, we expect teachers being able to c*eslgn and make at least 
one low cost kit to be used by their students. Pre- service teachers training 
up to day has been strongly biassed toward the presentation of theoretical 
principles of physics . Consecuently ther are not able to develop In students 
the Skills neccesary to apply those scientific knowledge to solve any 
technological problems. In acquiring this skill , we expect teachers to be 
able to show their students the practical a5;pect of the phyoic they teach. 

3. To recognize the limitation of a design or to modify or suaqest 
modification to It. ^>«yyc=»^ 

We consider Uils skill one of the most Important since some of th«» 
imported apparatus have been bought for some specific purpose. With some 
minor modification they can be used for other purpose. 

As an exemple when we develop the air track ,we study different models 
and made some modification In order It could be used as an optical banch as 
well. 

4 To design the manner In which an optimum solution may be obtained 
efficiently and to propose alternative solution taking Into account the 
restraints Impossed by material and economic consideration. 

When the apparatus requirement were being drawn up , the over riding 
factor was Inevitably the cost since we didn't want to sacrifice the 
quallty.The underlying philosophy of our low cost equipment policy was to 
build apparatus cheaper than those imported but serving the purpose of 
IgamlPO PHYffH;? . So. we use the cheapest apropiate material we locally 
found while using cheaper Imported component. 

5. To malce a formal specification, having decided on the design or 

When it comes to Just designing equlpment.which are going to be built 
somewhere else, the formal specification is z most if we want them to be 
built for serving the purposes we had In mind when they were designed. 
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Nevertheless It should not be too technical to dlscurage teacher for 
replication: physlcst teachers are not usually trained to reaa conventional 
engineering drawings. The Tollowing criteria were followed: 

0 Relatively shophlstlcated process, such as lathe-work, hard soldering 
and we^^lng were avoided. 

li) Materials (critical sizes and substitutes) were carefully specified. 

6. To recognize when there is a need of preci' ion and accuracy of the 
messurement. 

Ther Is an old saying thai if a thing is worth doing, it's worth doing well. 
I would add that is worth doing well for the purpose at hand.We physics 
teachers should be particularly aware about tMs point. 

There are situation where precision is vltdl. For example, in equipmente 
replication; or where a model fails to agree with the experimetal data only 
after many significant figures have been calculated and measured. 
Unfortunately, there are not rules to tell us what precision Is needed In any 
particular case. This skill Is only acquired by experience and uncommon 
common sense! 

Accepting that teachers will teach as they have been taught, a model of 
teaching for the student's cognitive transition is currently being tested in 
some trial schools. In this model we use either the prototipes we have 
developed so far» or build, with student's involvement, some low cost kit 
whenever there Is not need of complicated equipment. 

Instructional moders features. 

Among the many features which distinguish CIP instructional model 
from the traditional ones, the following are those which we strongly 
emphasis: - 

1. Curriculum is not seen as a body of knowledge or skills but the 
programme of activities from which such knowledge or skills can possible 
be acquired . 

2. The technological skills , already mentioned, are simultaneously 
enhanced with the scientific skills. . 

3. Learning is seen as a processs of conceptual change or cognitive 
transition 

The evaluation of this model will provide feedback which may result in 
the refinement or change In some of the factors which were taken into 
account in the development of the prototypes. In this way, practice may 
inform theory as well as theory guiding practice. 
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Tte CIP ntf Ite 9«iUt7 of life. 

Iftt^ii«U»rtltviiK»of tprojtainreUUofttoU^ 
Uit divtm lUndird of lif« QutUty mun b« ukint into account Whii in 
induftritl lodtUti it uktn for grftnud m&y ttiumt grtat imporumca in tha 
developing countries since tlvis question of the qutlity of life is surely one 
tiun ctn be combined with tbe concept of growth , provided we tike a broad 
view of the goods for which we are prepared to pay. If a country is siai 
caught in the trap of poverty, bad housing, poor health and no oppotuniiy. its 
dliren wiU not be gratefuU if you offer them clean air and water instead. 
Basic need must be satisfied in any community in order to ask for 
something else. For those people, quality of life means something different 
than walking to work in friendly neighbourhoods, the lessening in poUce 
and prision cost, walking in countryside that are cared for and protected or 
wanting to parallel their v'orking life with renewed effort of self education. 

In a country as Venezuela, where grovth were driven by the amouni 
of oil hicome, improving tbe quality of life means not only built our own TV 
set, electric can opener or cars but to shift the individual perception of locus 
of control fron exiefnal to internal If citizen want more sport, they can 
provide themselves with more unpolluiiog sport grounds. If they want 
better and more varied television, they can spend more money on it directly 
and not receive it as by products of product of further incitement to 
consuption. 

The technological skills should be focused in a wide educttional 
context conductive to the development of abilities in such fields as decision 
making, information acquisition, enviroment apredation and not only in 
technologies related to economic growth. 

InstrumenU and spedaly laboratory equipment utilized in education 
at a sensitive age shape thoughu and attiwdeslocally buUd insuument 
help to develop self reliance atitude oemductive for a mere fuUfiiing life, 
opposite to actlttiie of pasive consuption of technological producu produced 
by exotic culture. 

In summary, projects of this type, have a liberating potential and so 
contribute to the enhasement of the quality of life in developing countries. 
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The Venezuelan F^ucational System. 



Venezuela lies along the southern shore of the Caribbean sea, stretching 
from tne Equator to 12 degrees North latitude in South AmerlcaJr Is about 
one mlllon square kilometers and has roughly a population of sixteen million 
habitants. 

The educa'' nal system In Venezuela^ as it Is In most of the south 
amerlcans cd^^'ries, is highly centralized In the National Ministry of 
Education. 

Curriculum decision for elementary and Sv^condary education are 
determined by the minister^ as well as the teachers* qualification and 
standars. These decision apply also to both public and private schoolr.A 
national curriculum, therefore, exists at all precollege levels of education. 

The laboratory equipment for science and technology education is 
provided t>y he Ministry of Education, therefore, each school should have a 
minimal required equlpmentTextbooks and currlcular materlalsCnot those 
used for laboratory work purposes) are provided for private enterprises, 
which should be previously accepted for the Ministry of Education. 

Fig 2 shows the present educational system and Klg 3 shows the old one. 
Becouse the new one has not been fully developed,there are two educational 
organization coexisting. 
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When they are 4 years old students enter formal ecJucation ( pre school) 
and go through the systeni according to their age: from 7-12, elementary 
school, from 13-18. sewcondary school and fromm 18 on, third levelAfter 
an elementary education, or six years, a student enters in the basic cycle of 
the secondary school, which has the same science curriculum for all of 
them. 

The diversified cycle lasts 2-3 years ( depending on the one they 
choose), which enables students who finish it to go through higher education 
or just start working as qualified middle technicians. 

There are 6 stram: secondary ( Science and Humanities), 
AgricuUure,Indestrial,Elementary school teaching. Business and Commer ce, 
and Health Science and Paramedical. The first one C se^onda y) is only for 
College bound student.lt does not qualified them for any kind of job.No 
estudent Is able to apply for the elementary school teaching streo.n since 
the 1980 educational law has stated that school teachers should have a 
university level. 

As a matter of fact, the 1980 educational law just gives the legal basis 
for the change done during the last two decades determined by decrees and 
resolution. The main difference between both r^ganization lies down in 
the first level, which las 9 yea. s instead of 6, adding to the 6 years devoted 
to the ^'ementary school education the three years of the common basis 

cycle.This first level, or B^sic Education, as it is called, .j divided in 3 
stages or cycles. Stage I nms from 1st to 4st year, the second stage runs 
from 5th tu 7th year and tha last one runs from 8th to 9th year. 
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and In educational research related to misconception and problem solving 
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STUDENTS* BELIEFS IN SCIENCE - A THIRD >iORLD PERSPECTIVE 



Beno B. Boeha (Papua New Guinea] 



Introduction 

In the recent literature, one of the aost striking developments 
in the understanding of science learning has been the probing of 
beliefs about the natural voild that students bring with then to 
science classes. Often these beliefs are at odds with the tent j of 
science. These beliefs have been reported and described in a number 
of ways such as 'aisconceptions' f 'alternative fraaeworksS 'naive 
theories' » conceptual inventories' 9 erroneous beliefs' , 'naive 
knowledge', and 'children's science'. 

This paper reports sone beliefs about fotce which are held by 
National High School (NHS) Year 11 (Form 5) physics student*; in a 
third world country; Papua New Guinea. 

Method 

The data Leported here is one part of a Larger study. This 
larger study required a mixture of pencil and paper and intervi<!w 
instruments similar to the Interview-About Instances (lAI) and 
Interview-About Events (lAE) used by Osborne and Gilbert (1979# 
1980). The results of two of the interview instruments on the topic 
of force are reported in this paper. The instruments required 
students to explain their reasons for responses. The content of 
students' responses formed 'students' beliefs'. The instruments were 
administered to Grade 11 students of ages 16-17 years at viie end of 
the second week of the first term of 1986 academic year. 

One of the four National Bigh Schools (NHS) was randomly selected 
for this study. Students coming from Provincial High Schools (PHS) 
to Grade 11 ^^t the selected NHS were randomly m.^ 'Signed to six 
different classes. The interviews were administered Individually to 
all students in one randomly selected class during the night study 
period (7.00 •* 10.00 p.m.). Each subject was shown a diagram about 
a physical situation and asked a question^ 'Is there a force on (the 
object)*; and then questioned about the reasons for their responses. 
Thene methods of probing have been used in this way elsewhere 
(Osborne & Gilbert, 197&» 1980). 

Recjlts 

Table 1 shows a broad categorization of students' beliefs about 
forces acting on a stationary car being pushed by a nan 
(Situat;ion 1). 



TABLE 1 ; Broader categorization of students' beliefs about a oan 
attempting to move a car but it is not noving (n«22) 



Broader Categorization 


% (Nc. of Stud.) 


1 Yes forces: reasons complete and correct 

2 Yes forces: reasons pertly correct 

3 No forces s reasons incorrect 

4 NO forces; don't know 


0.0 (0) 
81.8 (18) 
31.6 (3) 

4.6 (1) 
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In Situation 1 no student gave a response judged to be coiq>lete and 
correct; but 81.8 per cent of students {18 students) believed that 
there was either one or more forces acting on the car with reasons 
judged to be partly correct. Of these 18 studentSr seven believed 
that there was a force by the van on the car because., 

'he is trying to make the car nove or pushing the car'. 
Two other students believed that lir pressure and gravity force were 
actikig on the car downwards because: 

'with air pressure the weight of air is acting on the car 

... because of the mass of the car, the gravity is acting 

on it pulling it down' . 
Furthermore, two students believed that there were three forces acting 
on the car: forward force? downward force (gravity), and upward 
force. There was a forward force because: 

'the man is trying to push the car ...'. 
There was a downward force because: 

'the force of gravity has to coae downwards in order to 

balance the car'. 
There was an upward force because: 

'force going down compress (they mean cancel) together so 

the man at the back can push the car'. 
In addition, three students believed that there were two horizontal 
forces and a vertical force acting on the car because: 

'there is gravitional force pulling the car downwards to 

get the car on the surface of the earth if there is no 

gravity, the car will move in any direction'. 
At the same ^icte there was a forward force because: 

'the roan is trying to make the car move but it is heavier 

for hin than the amount of force he is applying'. 
There was also a backward force because: 

'the tyre is rough, tliat is, the friction between the 

tyre and the surface of the road coming backwards'. 
Anot^er two students believed that only two horizontal forces 
(forward and backward) were acting on the car. There was a forward 
force because: 

'he is pushing the car', 
while there was a backwa^'d force because: 

*'the end gZ the car towards the man is big so it is 

acting towards the man and the things inside the car 

makes J*' heavy to push'. 
Another two students believed that there were four forces acting on 
the car, two vertical and two horizontal because: 

'the force going upward is to balatice the force going 

downwards, the pull of gravity on the car otherwise the 

car would smash on the ground'. 
These students also believed that there was a forward force b&cause: 

'the man is doing some work giving some force on the car 

and there is a force backward because the car is heavy'. 
In Situation 1, three other students believed that there was no force 
on the car because: 

'the car is not moving*. 
In addition, one student did not know either the forces on the car or 
the reasons for the forces involved. 

Table 2 shows the same broad data for students' beliefs about a 
Bail standing on the moon (Situaton 2). 
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TABLE 2 t Broader categoriaation of gtudents* beliefs about a man 
atandinq on the aoon (n«22) 



Broader Categorization 


% (No. of Stud.) 


1 !(es lorces: reasons complete and correct 

2 Yes forces: reasons partly correct 

3 No forces: reasons incorrect 

4 Ho forcesx don't know the r«ason 


0.0 (0) 
50.0 (11) 
45.5 (10) 

4.5 (1) 



In Situation 2, no student gave a response judged to be complete and 

correct, but in broader Category 2, 11 students (50%) believed that 

there weres one or more forces acting on a man on the moon. Of these 

11 8tu ents, five believed that a gravity force acts on a man 

standing on the noon because of: 

*the gravity pulling things towards it, towards the 
centre of the moon*. 

Pour students believed that gravity acts on the man because: 

* if u'j force of gravity on the man, he would be 
floating, so there is little amount of gravity that 
helps the man to stand up on the surface of tht; Tscon\ 

While a student believed that there were forces acting upward, 

downward and side to side because: 

*on the moon there is no force there. The only force 
that is strong is the force going upwards due to 
atmosphere on the moon. Downward force because no 
gravity on the moon so the force is not strong coming 
down. Side to side force is to keep the man in shape*. 

Another student believed that there were both gravity and outward 

forces acting because: 

to k*'^p him standing straight, so his weight and the 
grav ^ional force is acting on him ... outward force: 
if he forces one acting inwards only then his body may 
be crushed in so there are forces acting outwards** 

Tablt 2 shows that 10 students (45.5%) believed that there was no 
force acting on the man on the moon. Five of these students believed 
this because: 

*there is no gravitional force on the moon*. 
Three students believed this because: 

*no gravirional force, he is supposed to be floating but 

he is using some sort of machine to keep him on the 

moon** 

While two students believed this because: 

*we study that there is no air on the moon so there is 

no force acting on the moon*. 
In addition, one student believed that there was a force but she did 
not know the reason for the force. 

Discussion 

The aim underlying the reporting of thesfr data is to indicate 
the beliefs about two situations involving forces in a stu^enn sample 
in a third world country. It is fiiportant to note that the beliefs 
reported here are from students who have been taught general science 
the previous four years in PHS. Let us now consider the beliefs of 
students who have been taught science in PHS. 
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No students indicated correctly all forces involved in both situations: 
(1) a stationary car being pushed by a nanr and (2) a nan standing on the 
iwon. Interestingly, in Situation 1 about 82 per cent and in Situation 2 
about 50 per cent of students generally believed that gravitational force 
acts on objects towards the centre of the earth and the noon respectively* 
Sone students* beliefs night be considered as fron Children's Science 
(Osborne, 1980). Other beliefs night be considered as vague 'Scientists' 
Science' (Osborner 1980), 

There wjis evidence of children's beliefs that were specific to the 
concept of force alone* One notable aspect of this was that sone students 
believed that non-observable force on the nan on the noon was due to the 
presence of air* For instance, 

'There is no air on the noon so there is no force acting 
on the noon'* 

• The only force that is strong is the force going 

upwards due to atmosphere on the noon'* 
Some 50 per cent of those students had a belief which was nore 
consistent with scientific ideas of a force, sinply a push or a 
pull* For example. 

The man Is trying to push the car'* 

'It is acting towards the nan and the things inside the 
car make it heavy to nove'* 

'He is trying to nake the car move or pushing the car'* 

Students in this study have been taught general science in PHS 
and that night have caused some k^nd of belief outcones* Students' 
beliefs night not have be ^n accurate .a a physics sense, so this 
study had also indicated beliefs which »ere inconsistent with the 
accepted scientific beliefs* For example, the incorrect use of 
scientific terns* For instance, 

'The roan is doing some work giving sone force on the 
car'* 



The force of gravity was evidently something which caused great 
difficulty to nany students* Sone students appeared to accept the 
nature of a force because they have been told or experienced a 
situation, but otners appeared not to accept it, probably because of 
non*-contact nature of the force* The difficulty in learning about 
force without a reconsideration of a student's children-science 
belief nay lead to self*contradictory views* For instance, 

'On the noon there is no force there* The only force 
that is strong is the force going upwards due to 
atnosphere ' * 

'No gravity on the noon so the force is not strong 
coning cown'* 

The belief of no gravity and no air on the noon held by students 
elsewhere (Osbvtne, 1980) was also found in this study* For example, 

'There is no air on the moon so there is no force acting 

on the noon' • 

The belief of no gravity on the noon night be an indication of 
students' observation and experience of some kind of physical 
situations* For example, about 32 per cent of students believed thats 
'There is no gravitional force, he is supposed to be 
floating but he is using some sort of machine to keep 
hin on the noon'* 

The above belief conpletely ignored gravity and reaction force* This 
^'"1 also evident with the car situation whereby reaction force by the 
|-Q l^-rCace of the ground was ignored* About 18 ger^pent of the students 
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•isociated friction force with the heaviness of and the things in the 

car* Fbr exaaple: 

•The things in the car make it heavy' • 

•There is a force backward because the car is heavy 

Thirteen per cent of students believed that friction was lissociated 

with rubbing of tyres and the surface of the road. This is more 

consistent with scientists' beliefs* 

Suawary 

TWenty-two NHS Year 11 physics students were interviewed about 2 
situations previously used elsewhere (Osborne, 1980; Osborne & 
Gilbert, 1979, 1980) and the results of students' beliefs have been 
presented and discussed above* 

Conclusi on 

The main assumption underlying this report is that students in the 
age ranging from 16 to 17 years brought with them to the HHS science 
classroom various scientific beliefs about the topic ot' force. These 
beliefs night be seen as the understanding and interpretation of 
natural phenomena which students possessed prior to the study of 
science. The results indicated that the scientific beliefs held by 
this age group of students are very similar to those held by other 
students (Osborne, 1980; Osborne & Gilbert, 1979, 1980). The 
results support previous assertions such as: 

(1) people, young and old, have descriptive and explanatory systems 
for scientific phenomena that develop before they experience 
formal study of science; 

(2) these naive descriptive and explanatory systems differ in 
significant ways from those stuuents are expected to learn in 
their study of science. 

(3) the naive descriptive and explanatory systems show remarkable 
consistency across diverse populations, irrespective of age, 
ability or nationality; 

(4) the naive systems are remarkably res i stent to change by exposi;r«5 
to traditional instructional methods. 

(Champagne, Gunstone, & stopfer, 1983, p. 174) 
Similar results have also been reported from various perspectives by 
Champagne, Klopfer, and Gunstone (1982); Driver and Erickson (1983), 
and Osborne and Wittrock (1983). 

Ptom the science teaching pespective, the important implication 
of the students' beliefs is the extent to which these beliefs are 
retained when the explanatory systems of scinnce are taught. It is 
difficult to see how a student can fully understand a topic area if 
his/her beliefs remain at odds with the tenets of science. Woul^ 
there be any way in which instruction can help students to abandon 
these beliefs and accept those of science? 
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PRE-UNIVERSITY EDOCATIOHAL SYSTEM IK PAPOA NEW GUINEA (PNG) 



Briefly below is a table and the statements with regards to the 
type of schools, the stages of schools, and the approximate range of 
age of movements from one stage of school to another* 



TABLE: School Type, School Stage, and Age Range in PNG Education 



SCHOOL TYPE 


SCHOOL STAGE (GRADES) 


APPROX* 
AGE RANGE (YEARS) 


Provincial Community 


Grade 1 to Grade 6 


7 to 12 


School (PCS) 






Provincial High School 


Grade 7 to Grade 10 


13 to 16 


(PHS) 






National High School 


Grade 11 to Grade 12 


17 to 18 - 


(NHS) 







PHG } 3 only two universities: "Tie Papua New Guinea University 
(UPNG) and the Papua New Guinea University of Technology (UNITECH) * 
The mode of assessment used for the entry to either of these 
universities consists of internal and external assessment of English, 
Mathematics, Physics, Chemistry, Biology, end the internal assessment 
of three of the following subjects: Arts and Drama, Commerce, 
Geography, History, and Social Science (including Politics)* "he 
average pass percentage for enttj to either university is 75% or 
better, in NHS* 

The data for students* >eliefs reported in this paper come from 
O :he Grade 11 students in on^ of the NHS* l^iS; is the second last 
' K^^tage of high school prior to univers^^n^rV* 
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AmOBlOGRAPHY 



Bducational Qualifications 

B*Er:« (UFN6, 1977); B*Sc* (UFNG, 1978); 
M*Ed* Studies (Monash University, 1981)* 



Eiployment History 

1976 Lecturer, Physics D«pt* UNXTECH, PNG* 

1979-1980 Studied for M*Ed* Studies, Faculty of Education, 
Monash University, Victoria, Australia* 

1981- 1982 Lecturer, Physica Dept* UNITECH, PNG* 

1982- 1983 Deputy Vice-Chancellor, UNITECH, PNG* 

1983- 1984 Lecturer, Physics Dept* UNITECH, PNG* 

1984- 1987 Studying for Ph*D*, Faculty of Education, 

Monash University 



Publications ' 

B*B* Boeha* The Learning of Physics at - PNG University of Technology * 
Thesis submitted to the faculty of Education, Monash 
University in partial fulfilment o'f the requirements 
for the degree of Master of Education Studies, 1980 
(unpublished) * 

B*B* Boeha* The Learning of Physics at Ptpua New Guinea University 
of Technology* Research in Science Education * Vol* 
11, 1981* 



B*B* Boeha* A forecast of some major problems in localisation at 
the Papua New Guinea University of Technology - view 
point* LocAlisation Seminar PNG University of 
Technology, February 1983* 

B*B* Ooeha* Proceedings of Localisation Seminar * PNG University of 
(Editor) Technology, 23rd-25th February, 1983* 
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A PROPOSAL POR RXPLAIMINO ENERGY SAVING AND ENTROPY 
Franco Dupr6 - Univ* "La Sapienza" Rome, Italy 



Introduction 

The discussion on the energy' future, which had been 
extremely lively (to say the least) towards the end of the 
last decade, after a relatively calm period has been 
Kindled anew by the Tschernobyl accident. Due to obvious 
fears it is now, even more than before, focussing on 
nuclear reactors, with direct political consequences in 
some countries, like th> popular vote now pending in Italy. 

Although not clear to everybody, today's discussion is only 
partially a continuation of yesterday's, since the focus on 
reactors points the spotlight on electric energy, the only 
form of energy which nuclear reactors are able to produce, 
at least up to now. Electric energy, because of its instant 
Readiness (once the whole network is installed), 
flexibility and cleanliness, is the most precious form of 
energy available to us; this makes also energy saving 
particularly important, i.e. the avoidance of any waste as 
well as the wise utilization of electricity. 
But any debate on saving is difficult because most people 
react to the theme with a refusal, since they associate 
energy "saving" with restrainment, sacrifice, candle light 
and falling back into the XIX century. This wrong attitude 
finds all too often its justification and reinforcement in 
the moralistic tone of official appeals ("energy is 
precious, do not waste it"), and in the appeal of the 
antinuclear movement to all kinds of responsibilities: for 
ecology, for future generations, against consuraism and so 
on. 

The thesis of the present papjsr is that people are not able 
to understand what energy saving really is about because 
our culture is not familiar with the correct concept needed 
to treat this matter, that of entropy. Here lies therefore 
an important cultural task for a didactical effort in 
physics. 



The Problem 

In the energy debate there are two anomalies which are 
usually overseen: 

1) it is nowadays common knowledge that energy is 
conserved, i.e. that it cannot be created nor distructed? 
on the other hand it is usual practice ^o speak of energy 
consumption ( analogous terms are used in any other 
language), without ever seeing the contradiction between 
the two expressions; 

2) energy saving is universally recognized as a potentially 
very effective (although virtual) source of energy; this 
means that it is a very important economic fact, and yet 
its introduction into everyday 's life is entrusted mostly 
to moral appeals. This is very queer, since any other 
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energy choice ^ like buying a gasoline rather than a dlesel 
car, heating home with gas?, oil or coal. Is done following 
financial and other rational criteria. 

The reason for these two anonutlles lies In the vague manner 
In which the word "energy" Is used, as a collective, term 
for coal, oil, electricity and so on* Thus they are not 
recognized as energy-carriers, endowed with many different 
properties, like to have mass (solid, liquid or gas), to 
carry m^nentum (as for the wind or a water stream), or have 
(almost) none of them (as for electric current or light) « 
But they all carry the same entity, characterized by two 
properties; a quantity , measured by energy, and a quality « 
measured by. entropy. Both are abstract varlal>les, but while 
energy Is well known and understood, entropy Is not, and Is 
therefore simply ignored in the debate. 

The reduction of the spectrum of available concepts to a 
single one, the energy, entails that certain aspects of the 
question simply cannot be fully grasped, and new solutions 
may not be seen. Energy saving is one of them, certainly 
there are several conceptual artifacts which are used in 
order to cope with this conceptual deficiency, like the 
differentiation between primary energies ana final uses, or 
the ic^.ea of energy efficiency of the first and :>econd type, 
but they all sound very technical, a problem for engineers 
which does not toucn the ordinary man; all this hides the 
fundamental notion that any energy flow has to be 
characterized by a quantity and a quality, by its energy 
and its entro.'^y content. 

When energy is "consumed", iu does not change its quantity, 
which is conserved, but its quality. But if this physical 
difference cannot be expressed because the quality aspect 
is ignored, energy saving is misinterpreted, and has to be 
evoked by spurious moral categories. Energy saving is an 
activity which operates on both the quantity and the 
quality, on the energy flow and on the entropy increase, 
but of the t\7o only the first one is commonly tmderstoods 
everybody looks out for wastes and tries to stop energy 
leaks; but if this is not sufficient scarcity allegedly 
begins, and saving becomes sacrifice. 

Thus the true potential for saving, which lies in properly 
exploiting the differences in (quality of the energy flows, 
is overseen. 



Entropy 

Why is entropy ignored, while energy is not? {this does not 
mean that energy is always correctly understood, but that 
at least its existence is realized). 

I contend that this is caused by the teaching tradition, 
which uses definitions not adapted to the energy problem, 
although it is a major one in our time. 

The classic approach to entropy is through the second 
principle, either stating the irreversibility of thermal 
conduction (Clausius), or the ImpoBsibility of transforming 
completely heat into mechc.iical work (Kelvin). The 
generality of the statement lies somewhat hidden behind 
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what appear to be technoloalcaX problems^ this is 
especially true for the second statement » which sets an 
upper limit to the search for the best possible thermal 
engine* Entropy .is only introduced afterwards, seemingly as 
a mathematical artifact useful for riformulating the Gecond 
principle* in an era when thermal engines have disappeared, 
at: least from the sight of everyday's life, this approach 
reduces the chances of xmder standing the basic nature of 
entropy. 

Much more success has its definition as a measure of 
disorder* This is very enlightening but of little practical 
use, since the correct definition of disorder is difficult 
to grasp, and it is applicable only on the microscopic 
scale, within the statistical* interpretation of 
thermodynamics, from where it is not too easy to bridge 
over to the macroscopic phencmiena* 

Whet is needed is an outright macroscopical reading of 
ontropy as: the variable governing the quality of energy* 
This is done in some few texts, but to my knowledge in a 
not yet vr. ry formalized manner, and especially it has not 
yet become popular* I propose here a model, an analogy 
which ?ould be helpful for the second of these aims* 



An Analogy 

The water supply of Rome is carried by acqueducts from the 
mountain sources to the city* Water is vital to man, and 
even more so to a modern society which, besides for the 
most elemental uses of drinking, cooking and washing, needs 
it for all kinds of cleaning and sanitary purposes, which 
drive up the water consumption* 

When the water request surpasses the inflow, scarcity 
tsegins* This is a crisis situation, which can be faced 
either by controlling wastes and curbing uses, or by 
imposing a rationing which leaves faucets dry for several 
hours a day* This second solution can only be avoided if 
the community responds to the moral appeal and restrains 
itself voluntarily, since there is no way of e forcing it* 
With time the city administration can try to overcome the 
"thirst of the city" by tapping other sources and building 
new acqueducts* But if all fresh water resources are 
already exploited (an increasingly frequent situation in 
the world) , modern technology offers now a feasible 
although costly new solution: dissalating sea-water* 
Ic is w stly, not only because of the operation itself, but 
also because it calls for many new infrastructures: new 
acqueducts running uphill from the sea to the city, pumping 
stations, buffer deposits, enlargement of the water 
treatment system to handle the increased flux of sewage 
water* 

The water produced by the dissalators is distilled water, 
i.e. of the highest degree of purity, which is excessive 
for the needs: it has to be treated to become tasty for 
drinking, and cost-conscious people have to be convinced 
that it is very hygienic and not a wacte to flush the 
toilet with distilled water. 

^11 this will at the end be accepted, because there is 
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Apparently no other way to satisfy the "thirst of the 
city". But this statement is wrong, it is only possible 
because the cry fo£ water is a demagogic ani vague request, 
which takes into no account the quality of water. 
Wherever the quality of the water supply is poor people 
resort to mineral water for drinking and i.ood, but still 
use tap water for washing and laundry. This observation 
opens the way to a completely different concept of water 
saving: if ^.g. one could collect the slightly soapy water 
from showers and bathes, it would be perfect for all kinds 
of usest for the first cicle of the washing machine, for 
cleaning the floors, and for flushing the toilet (for this 
use even the bucket of the floor-washing water is good 
enough). A third to a half of the water "consumption" in a 
modern household could thus be saved, with no sacrifice nor 
disadvantage whatsoever, once the plumbing for the 
collection and redistribution of the moderately dirty water 
is installed. 

To do this in all buildings of town is certainly not cheap, 
but the investment has to be compared with the costs for 
the distilled water supply, including the saved costs Cox 
enlarging the sewage and water treatment sy&tem. 
Water saving creates jobs all over the city, many more than 
the automated dissalators; it requires the growth of a 
technology of small scale but advanced character, which 
must be capable of handling dirty water. It has a 
structural, economic character, not an emergence', moral 
one. It does not affect at all the standard of life. 
Once the need for water has been reduced, also an old known 
"renewable" source makes again sense, the collection of 
rain water. It became outmoded only in fairly recent times, 
when the request for water began to increase; but once it 
is backed up by a saving rystem installed in every house, 
it can make the city almost jelf sufficient, much less prone 
disaster when the centralized system should for any 
reason break down. 

The cognitive key to this new way of thinking and for 
inventing further solutions is to understand what it really 
means "to consume water": water is conserved inasmuch as 
all what cones from the tap runs down the drain, but it is 
"used" whenever something is added to it, be it coffee, 
sugar or soup-extract in the kitchen, or soap and dirt in 
the wash-.iig machine. To use water means to add something to 
it, which we will conventionally call "dirt". 



The dirt in the water, which marks with its increase the 
"consumption" of water, shows very close analogies to 
entropy r which marks the increase of the "consumption of 
energ*/" . 

A reservoir contains a certain quantity of water (energy) 
soiled with some dirt (entropy): the ratio of the two is a 
measure of its qualify. During its way from the source •tank 
(generator) to the sewage-tank (user), the water (energy) 
is "used", i.e. it becomes loaded with dirt (entropy) while 
pertorming what it is needed for; if at the end it is 
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loaded to the same level as the content of the sewage-tank, 
the use has been correct, but if we deliver stiii 
relatively clean water into the sewer there is wast?/, 
there is space for water saving. 

One important difference, which roust be pointed oh 
that dirt is matter and is therefore conserved, it ck 
be added from outside, while entropy can be added buv 
also be created, even in an isolated system* 

The analogy can ^ilso be used to make the second princi^ple 
of thermodynamics plausible: 

- water can never become cleaner by itse.lf , because c'nce 
a(5Ued dirt does not (usually) separate spontaneously; at 
most it can stay as it is, or it tees quality, picki*;^?'/ up 
dirt from the surroundings; 

• water can be cleaned again, e.g, by distillation, but the 
transformation can never b.^ complete, because stxne water Is 
needed to carry away the concentrated dirt: the analogy is 
with a thermal engine, whose output is mechanical work' but 
also some heat at low temperature* 



Temperature 

At a higher school level one could introduce aliso the 
intensive variable temperature, to which in our model 
corresponds the "purity" of the water. Actually, what one 
measures is its inverse, the impurity, defined iis the 
amount of dirt per unit of water (e«o« the grams of solute 
per liter of W5ter)« In the same uay the inverse o.f the 
absolute temperature is the amount of entropy as.:;o';iated 
with energy (precisely: 1/T = dS/dU). 

But it is not advisa)^le to introduce this second ccpu:ept at 
an elementary level, since intensive variables ^xe much 
more abstract than extensive ones, with, in this case, the 
further difficulty that temperature is already a familiar 
concept and entropy is not* Therefore l suggest that 
temperature be not recalled in this case, especially since 
for many energy carriers it is not so easy to associate a 
temperature to them* 



Energy Saving 

The proposed analogy should help to make clear that the 
single concept of energy is not sufficient for a complete 
description, that we need a second concept, the entropy, 
which takes into account the quality aspect of the supplied 
energy. 

To "use" energy (which cannot be consumed, since it is 
conserved) means that th^ receiver gets more entropy than 
the source emitted^ thut during the energy flow the 
associated entropy flow increases: entropy is the dirt of 
energy. 

The case of energy is more complicated than that of water, 
becau^^e along with the coupled fluxes of energy and entropy 
Q mally flow al5o other quantities: fluxes of momentum, of 
ij^iarge, and most often of matter* This entails a greater 
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variedness than for the water example ^ one can choose 
tetween coal, oil, gas and so on, each one with specific 
advantages and drawbacks, e.g. regarding ease of 
transportation and of storage, modes of unilization, levels 
of pollution, etc. All these asjpects are easily understood, 
because they are connected with matter • But unfortunately 
this variedness makes it more difficult to recognize the 
unique character of the f liix of entropy as the quality 
indicator of the energy to which it is coupled: the lower 
the associated entropy flux the more v^^uaible is the 
offered energy. 

Once this is understood it becomes easy to reformulate 
classical thermodinamics into the cathegories of the energy 
question: a certain amount of energy waste (of entropy 
incr^^ase) is the price to pay to have processes completed 
in a reasonable time, since an ideal process (a reversible 
one) requires an infinite time. But it is also the price 
for improper energy-carrier choice or inadequate 
technology, for bad maintenance, etc., in short whenever 
one does not take the time nor spends the money to search 
for and develop a better technology. Just how much waste is 
acceptable is a matter of choice, of technical development, 
of operational care and of financial investment: this is 
why the potentialities for energy savings are so large! 
Energy saving means to reduce the irreversibility of the 
process, since every *^rocess has its needed and therefore 
unavoidable degree of irreversibility ('wdste") , each process 
has to be monitored and optimized rfcparatedly: energy 
saving is by its nature a diffuse oi>eration, which m'iSt and 
can only be done at each user's site !like the recovery of 
soapy water, which has to be done within every household). 
This calls for a different attitude and organization of the 
society, marking the fundamental difference between this 
virtual energy source and the traditional highly 
centralized energy production. One can also understand why 
renewable sources are best coui^led to energy saving, since 
they are alEo of diffuse character and need the same k^nd 
of organization. 

Farther, any reduction of irreversibility calls for more 
technology because it requires a better matching bet\;een 
energy source and utilizer. Mac roecononic ally Jt needs a 
redirection of economic resources from power stations to 
private housing, and micioeconomically it asks for the 
single customer to be able and willing to substitute its 
continuous energy bills with a one -time investment (and 
maintenance afterwards). 

Many studies suggest that the overall costs of an energy- 
saving society are the same or even a bit less than these 
of a nuclear-fitted society; the real great advantage of 
the saving choice is that it leads to a society less 
vulner2U>le by accidents, strikes, terrori»ui and war, 
because its vital ganglia are not centralized but diffuse, 
much less prone to survival endangering damages. 
It calls for a major reshaping of society^ which has to 
change the structure of its financing system. The main 
difficulty resides in the double need of creating the new 
financial structure and to induce private households to 
acquire new habits. But this is a political task: science 
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and technology have already done their job and developed 
energy saving techniques and renewable sources; these have 
now to be introduced into the industrial and econa^iic 
circuit, they have to be promoted and sustained until the 
new system becomes economica.lly self-sustaining* Asking too 
much?. The transportation sysf;em based on private cars 
(factories, accessories, workshops, gas stations and so on) 
became self-sustaining withir4 very few decades, once a 
sufficient road net was availabl"^* 



When calling energy saving a "virtual energy source" one 
says a true but misleading sentence: it is a source 
inasmuch it makes more energy available, but it does not 
produce more, it only utilises it more ful3y, in a more 
intelligent way, by keeping under control the associated 
entropy creation* 

Most of the "wasted" energy is thrown away in a very subtl' 
way, using too "clean" an energy for ^oo "dirty" jobs: 
heating with electricity is like using distilled water for 
flushing the toilet* 

Energy saving cannot be understood without getting first a 
feeling for the idea of energy qualicy, and for the need of 
a variable controlling it, the entropy* 



This proposal is usable at any school level, whenever the 
energy problem is treated* 

Preuniversity education in Italy begins at age 6 and ists 
13 years, subdivided into three blocks: 5 years elementary 
school, 3 middle school (these two blocks are compulsory 
for all children) and 5 years high school, of which there 
are several different kinds and directions* 
Access to University is (still) free, for any high jchool 
degree * 



Franco Dupre is associate professor at the Physics 
Department of the University of Rome "La sapienza", where 
he teaches a general physics course to biology students* 
He is currently involved in research on mental 
representations in physics* Previously he has been an 
experimentalist on liquid helium, late> on magnetic alloys, 
using nuclear magnetic resonance and neutron diffraction 
techniques* 
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A PHYSICS PERSPECTIVE TO ENHRGY EDUCATION 
M. Viglietta fIRRSAE, Pieoonte, Italy) 



INTRODUCTIDT} 

"I Mould like to know how energy . produced and I would 

ixk\t to know whether it is conserved and « if ^.o: whercr is 

it conserved? But the question I would like to know the 

answer is this: what i% energy really?.*. Is it a concrete 

thing ws can exper Iment or is it an abstract thing?** 

'*I wish I could know everything about energy because you nay 

happen to start a discussion and to get trapped into an 

ankward question which is not a nice feeling* • •** 

Het e are some quotations from the answers to a questior \airc 

asking pupils: ''what would you expect, wish and/or need to 

learn about energy?" 

The questionnaire was given to pupil s,, aged 16-17, in a 
secondary Physics course, pricr to when energy teaching was 
undertaken in the course* 

How do stuLlents expectations compare with what i!^ actually 
taught in. class? Should school provide an energy education? 
Has physicc teaching a role to play witn regard to the 
social energy problems? 

There is a xarge and comple>< series of problems connected 
with energy of an economic » social, political ana technical 
nature* Physics teachers i..ay not be ready and are likely to 
fir^J it difficult to face them in the classroom* And there 
are various reasons -for this, among which time and space 
limits in the curriizulum* 

On the other hand, the concept Ov energy and the physical 
laws of ^energy are a fundamental key to understanding the 
world of science and technology* Looking at the energy 
problem from the physics perspective will qive our pupils a 
relevant example of how the physics taught at school does 
have a use and an application* But it will explain also that 
science riL^'^ not have 'the soluticn': science can givi some 
an'^werSf but not all ttte answers to the problem* 

A teacher training coursed) held at IRR5AE (Institute 
for Teacher Training and Educational Research) in Torino was 
recently devoted to th'2 theme: "the teaching of 
thermodynam.lcr. and the problem of energy*" i«e*t -which are 
curriculum cr^tents and strategies ussful to tackle the 
energy subjt^it in class?- 7hv course was structured as a 
workshop and tne main points of discu'^sion were: a 
definition of energy, pupils idoas about enrrgy, energy in 
maiiS m«dia, Carnot efficiency, efficiency in the use of 
energy, available work/free energy/exer^jy, « case-study of a 
heating system and of a power st<.tion* 

The development of t ese points itas widely '^ased on current 

literature and on papers from tha proceedings of v&'ious 

conference which have been held on this topic* (2) 

A possible approach for the teaching of energy in the 

Italian Senior hi^h School was suggested* 

An outline of this approach, some of the suggestions for 

applications in the classroom anr* a preliminary report of 
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BOfne results obtained are given* 
WHERE DO WE START? 

It is well •stablished by now that thfr iirst coniponent to be 
taf-en into account in the teaching-learning process is our 
pupils* 

What are their interests? 

What is their relevant preknoledge and previous educational 
experience on the subject? The answer to the seriond question 
in the Italian situation depends prevalently on the choices 
made by the different science teachers at the lower 
secondary level* 

In oraer to identify pupils ideas, a written test was 
dQvised* 

The question about students e>:pectati ons, we have considered 
at the beginning o* this paper, wrs includert* A second 
que- A on was based on the 'interview about instances' 
approach. Line drawings (fig,l) were used as the 'instances* 
and the question was: "Describe what you think is happenikig 
in the picture using -as far as possible- your idea of. 
energy* *' 
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A detallPd report on the results of the ^.ext will be given 
elsewhere* Here < we will cmsider only sample of the main 
findings in « preliminary 44pplication of the text* 
Pupils seem to consider energy a relevant theme and they 
want to know more About it* They express alco their worry 
about energy crisis* 

"I would like to know how we will manage, when oil will 
finish...- 

"I suppose energy wixl take the place of cil as a depenable 
and safe source" 

"I expect that energy will continue to supply the light, the 
heating we ntfed..." 

Some pupils se^m to identify energy with electricity and 
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mmmm un«war» oi what <fucls have to do .^ith enftrQy. This come 
out also irom the answers to the second questions. And, 
besides that* they think energyr is something Nhich is costly 
and is consumeds 

*'Ener(jy is need:.J to make the ski lift run, especially when 
the slope is steep," 

**.*the skier does not need energy because he skies down the 
slope thanks to the -force ' gravity" 

Here, gas is used instead o-f energy to cook spaghetti" 
**Heref it is the aian's muscular energy which moves the 
bicycle. The lamp lights because of the rubbing of the wheel 
against the dynamo** 

How can we develop in our pupils the scientific idea of 
energy taking into account the common sense knoledge they 
already have? 

How can we, help them to learn how to move freely between the 
domain of socialized knowledge and the dr ^^n of scientific 
knowledge?<3> This ability seems closely relatod to a 
success in understanding the physics involved (4) • 
The meaning of the word energy colloquially and also in 
discussions about energy (li::e ir. mass media) is rather 
different from the abstract notion physics attachr^s to the 
Idea of energy (5-6>. « 

On the other handt the ability of our students to focus on 
the subject matter increases when facts are described and 
ideas are expressed in words which they are familiar with* 
The need of a new concept (with its definition) should be 
established ^efore it is introduced* As a ftiatter of fact, 
many Physics course do not give a general definition but 
introduce the different forms of energy through concrete 
exemples (from everyday life and in the lab). The general 
definition of energy is to be seen as a final achievement! 
And it can be reached only through an understanding of all 
the distinctive underlying aspects of energyx 
transformation, transport, dissipation, conservation, 
degradation (6> • 

PUPILS -PDST-KNOWUEDSt'** 

An attwmpt was made in the class to faci^ all the as(.'ects of 
energy listed above, then the test about instances was 
proposed again asking the pupils to describe «:he siturf^tion 
taking ic\to account all th»^^e aspects. 

Pupils iMere taught how to draw diagrams of the energy f«^>; 
and as it can be seen in the examples in fig. 2 they try to 



use it* 
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Pupil* sMm awars of the disfipation concept but they do not 
use the terjh conservaticKT with the meaning Physicists attach 
to it. (Never theleois, some of them correctly represent the 
dimension of the arrow in the diagram.) Many pupils make a 
difstinction between energy still available in the process 
and wasted energy. 

As it has already been pointed out in many papers (7-B), the 
introduction of the concept of available work (f retf-energyf 
exergy) may be th& key to make it clear to the pupils (and 
probably also to the teachers) how to shift back and forth 
from the physics perspective to the social perspective of 
the energy problem. 

EFFICIENCIES IN THE USE OF ENERGY 

When teaching a concept like exergy « difficulties arise in 
trying to make it quantitative; which meanst how can we 
teach Carnot efficiency with minimum mathematical tools? 
A suitable approach may consider the \'act that processes 
occur only when thers is s situation of disequilibrium(9) « 
There are many situations in real life we can discuss to 
show this. There are also some experiments, easy to perform 
in the classroom or in the lab* that can convince our pupils 
that changing the heat of combustion of a fuel inco motive 
power, needs a gradient of temperature and must inevitably 
warm up a cooling system as it operates. (10) 
In *>pinion, this may be enough for 25-16 year pupils to 
accept without a demonstration the Carnot formula and to use 
it. 

But it is also possible to go through a demcnstration with 
only a lif;iited mathematical knowledge, as has already been 
shown (8). Let me explain very briefly the main underlying 
idea. . 
l;i order to get the F 4 P 

efficiency of an ideal * * 

engine, we consider the 
' cycle of an ide::l 
Stirling engine, 
represented in fig 9t 
and calculate 



In the pfV planevChe workV/ 
'lone correspond to the 
»re« under the curvi^. 
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p«RT/V. 

Cooking at fig. 4, to* cftn see that it is enough to cnange the 
scale factor on the y axis to prove that Ak=kA, where A is 
the area under t^B curve 1/x and Ak is the area under the 
curve* k/x. 




Carnot efficiency is a powerful means ^or getting across '^he 
energy problem. It makas it clear why one unit of electric 
energy requires, in the present economy, the consu^nption of 
3 units of fuel energy; and, in general, why creating 
fflotivs power, by combustion of any k?nd of fuel, has an 
efficiency lower than 

Exergy and energy can be calculated ^nd compared for various 
sources ^nd final uses. The energy and exergy flews can be 
traced in the different sections of a syst«:^m. Efficiency jf 
the first and second order can be calculabed. 
Various examples of applications have been developed (B) • Two 
examples are shown in fig 5. 

A discussion of these diagrams can help students do 
understand thaf. energy saving is not only a question of 
better insulation to prevent leaks, but also of a more 
rational use of energy or of a v euse as we have in 
co-generation, and in genercl in total energy systems. 
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a) About the s^ducational system in Italy 

The pre-university educational system on Italy consists of 

the following schools: 

scuola materna (form 3 to 6 years) 

scuola elementare (from 6 to 11) 

scuola secondaria inferiore (11 to 14) 

bcuoIm secondaria superiore (14 to 19) 

School is compulsary from 6 to 14. 

The 'scuola secondaria superiors' is divided in various 
streams with different curriculum. At the en^ students have 
to pnss a nati&'ial examination. If a student passes the 
enamf he c^i*) enter *ny Italian University. 
b> J^evel the paper is referred to * 
'*8cuola secondaria superiore". 
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the other Lander. 
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